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Introductory Chapter: An Overview on Urinary Tract 
Infections, Pathogens, and Risk Factors 


Payam Behzadi 


1. Urinary tract infections and the related concerns 


Urinary tract infections (UTIs), the second-ranked infectious diseases, are recognized as a big con- 
cern relating to global healthcare systems. The problem with UTIs is two-dimensional. From the 
economic aspect, patients with UTIs cost millions of US dollars (USD) for different governments 
annually. From the other dimension, there is a huge number of patients with UTIs which must 
be visited by a considerable number of physicians and specialists that involve an abundance of 
human resources in the public healthcare systems. So, the UTIs should be diagnosed and treated 
definitely at the earliest to decrease the costs and traffics in public healthcare systems [1-6]. 


Moreover, UTIs are known as multi-microbial infectious diseases, which can be happened 
by bacteria (Gram-positive and/or Gram-negative strains) and fungi. Among Gram-negative 
bacteria, the member of Enterobacteriaceae and, in particular, Escherichia coli and Klebsiella 
pneumoniae are the most common uropathogenic bacterial agents, which may cause different 
types of UTIs. Furthermore, Gram-negative bacteria, including Streptococci, Staphylococci, and 
Enterococci, are involved in UTIs in humans. On the other hand, fungi and particularly Candida 
albicans (C. albicans) strains may act as opportunistic pathogenic fungi for causing UTIs. 
However, the non-C. albicans Candida (NACA) such as C. glabrata and C. tropicalis are reported 
from some countries as the predominant species of the causative agents of UTIs [1, 2, 4, 7-14]. 


2. Urinary tract infections and diagnostics 


Fortunately, the methodologies and procedures of diagnostics are in progress, and the use 
of molecular techniques (e.g., polymerase chain reaction (PCR)) and advanced pan-genomic 


2 Microbiology of Urinary Tract Infections - Microbial Agents and Predisposing Factors 


tools (e.g., microarray technology) help us to have accurate, sharp, reliable, and rapid detec- 
tion and identification. Of course, it should be noticed that there is a close relationship between 
the number of specimens and the applied methodology. In other words, the application of 
PCR is useful for limited samples, while the microarray technology is a suitable choice when 
the number of specimens is huge. Thus, the methodologies of diagnosis and treatment should 
be carefully selected for accurate and definite detection to reduce the number of patients with 
UTIs [1, 2, 9, 11, 15, 16]. 


In recent years among several difficulties with UTIs, another problem has risen up quickly; 
the problem is the appearance of a diversity of antimicrobial-resistant pathogens. A typical 
example for this challenge is the presence of a wide range of extended spectrum &-lactamases 
(ESBLs) producing bacteria and, in particular, ESBLs producing Enterobacteriaceae. Although 
there are several groups of ESBLs producing bacteria in the family of Enterobacteriaceae, 
uropathogenic Escherichia coli (UPEC) and uropathogenic Klebsiella pneumoniae (UPKP) 
pathotypes are considered as important members, which are able to produce a variety of 
ESBLs [12, 17, 18]. 


3. The types of urinary tract infections 


There are different types of UTIs including acute and/or chronic, asymptomatic and/or symp- 
tomatic (mild/moderate and/or severe), complicated and/or uncomplicated, and community 
and/or nosocomial acquired infections. If the UTIs occur > three times in a year or > two 
times continuously after disappearance (treatment) of the first infection in a half year, they 
are recognized as recurrent UTIs (rUTIs). In addition to this diversity, as the human’s urinary 
tract (UT) is divided into two parts of lower and upper sections, the UTIs may occur in the 
lower part of the UT (known as cystitis) and/or upper part of the UT (known as nephritis). 
These characteristics are in association with microbial pathogenomics, duration of infection, 
and the abilities of human host. The threshold of microbial population for UTIs is reported 
as >100,000 living cells or colony-forming unit (CFU) per urine milliliter (ml); however, it 
varies from 100 to 1000 to 100,000 CFU/ml. Of course, the UTIs without syndromes and with 
syndromes are recognized as asymptomatic and symptomatic UTIs, respectively [1, 2, 4, 7-10, 
12, 19-22]. 


4. Predisposing factors relating to urinary tract infections 


There are a wide range of predisposing factors, which determine the rate of UTIs among 
human populations. Age, gender, pregnancy, sexual activities, multi-sexual partners, urina- 
tion, personal hygiene, nutrition regime, application of spermicide devices and diaphragm, 
the presence or absence of vaginal Lactobacilli, catheterization, hospitalization, and microbial 
pathogenome and virulome are the most common factors that are involved in UTIs [1, 4, 7, 8, 
12, 20, 21, 23, 24]. 
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Generally, UTIs are appeared in women >18 years old; however, UTIs are recognized in chil- 
dren (girls and boys) and men. In accordance with previous reports, >30% of young women 
with the age of 24-26 have experienced at least once a diagnosed UTI. Besides, the rUTIs 
are common among both young and old women with different etiologies. In young women, 
several sexual intercourses, application of spermicidal devices, and different sexual partners 
increase the occurrence of rUTIs, while in old women, the lack of vaginal Lactobacilli popula- 
tions, reduction of female hormones, catheterization, and UT surgeries are the most common 
causes of rUTIs. The patients susceptible to rUTIs are suggested to consume antibiotics as a 
proper prophylactic method. Besides, the use of some nutrients like cranberry may prevent 
or reduce the incidence of UTIs and particularly rUTIs in some cases. Interestingly, the rate of 
asymptomatic or symptomatic bacteriuria increases in both old men and women. But, several 
studies show that generally the untreated asymptomatic bacteriuria in pregnant women may 
lead to symptomatic, severe UTIs and even urosepsis. So, treatment of asymptomatic bacteri- 
uria in pregnant women is a must [5, 21-23, 25-27]. 


Hospitalization is one of the significant factors associated with UTIs which results in 
secondary bacteremia. Normally, hospitalization and catheterization are important pre- 
disposed factors to nosocomial UTIs because the use of catheters (e.g., bladder catheter) 
may occur during hospitalization which results in UTIs. In parallel with catheterization, 
the problem of biofilm formation within catheters and the presence of multidrug-resistant 
pathotypes relating to microbial causative agents (e.g., ESBLs producing Enterobacteriaceae) 
considerably increase the rate of morbidity and mortality among patients with UTIs. E. coli 
and ESBLs producing E. coli are the pioneers of bacterial causative agents of nosocomial 
UTIs. In addition to bacterial pathogens, the presence of fungal populations and in particu- 
lar Candida spp. must be considered as an important threat for progression of nosocomial 
UTIs among catheterized patients; hence, the catheters may act as an important source 
for aggregation of microbial pathogens, which are both antibiotic sensitive and antibiotic 
resistant. Thus, the use of assays pertaining to antibiotic susceptibilities and broad-spec- 
trum antibiotics are pivotal items to reduce the number of patients with nosocomial UTIs 
[6, 24, 28]. 


Microbial pathogenome and virulome are significant factors, which determine the severity of 
UTIs. UPEC, UPKP, Proteus spp., Pseudomonas aeruginosa, Enterococcus spp., and other micro- 
bial pathotypes are able to occur in different types of UTIs in their human hosts. Some of 
microbial virulence genes are located on plasmids, while the others are situated on chromo- 
somes. So, the presence or absence of microbial virulence genes affects directly on pathogen 
virulencity and pathogenicity [1, 2, 4, 12, 14]. 


Genetic risk factors (e.g., blood group and stone formation) and diseases (hypertension), 
diabetes, strength of host’s immune system, immune deficiency syndromes (e.g., AIDS), 
immunocompromised patients, spinal cord injuries, etc. are other predisposing factors, which 
increase the incidence of UTIs among human populations [4, 7, 8, 10, 13, 24]. 


In this book, which consisted of six chapters, the readers will obtain valuable information 
regarding UTIs and the related predisposing factors. 
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In Chapter 2, Sorwer Alam Parvez and Dolilur Rahman explain different important viru- 
lence factors of UPEC. In this chapter, a wide range of virulence factors pertaining to UPEC 
are mentioned and discussed. Readers may gain valuable information regarding UPEC 
virulome. 


In Chapter 3, Mahabubul Islam Majumder, Saleh Ahmed, Ashiqur Rahman Khan, and 
Tarek Ahmed discuss about microorganisms in catheter-associated urinary tract infection 
(CAUTI). Because of the importance of the topic in UTIs, the authors have focused on the 
items which are pivotal to CAUTI and give effective and reliable information regarding the 
field. 


In Chapter 4, Ajay Kumar Prajapati clearly represents the importance of diabetes as a sig- 
nificant predisposing factor for UTIs. So, the readers who are interested in UTIs relating to 
diabetes will obtain brilliant information regarding the subject. 


In Chapter 5, Charalampos Konstantinidis and Achilleas Karafotias have a deep look into 
UTIs in neuro-patients. Today, there are many efforts to find out the solutions regarding 
neuro-patients with UTIs. I believe that the authors of this chapter represent considerable 
information in regard to this topic. 


In Chapter 6, Elena Zaitseva, Elena Melnikova, Andrey Shadrin, Valentina Luchaninova, and 
Tatyana Komenkova clearly explain the importance of uropathogenic Enterococcus faecalis 
strains in pediatric UTIs. Moreover, the phenotypic and genetic diversity of the pathotypes is 
discussed and represented. The authors represent a valuable information in association with 
pediatric UTIs caused by uropathogenic E. faecalis. 


I hope that this book offers practical information to the readers. 
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Chapter 2 


Virulence Factors of Uropathogenic E. coli 


Sorwer Alam Parvez and Dolilur Rahman 


Abstract 


In order for a successful infection and creating a satisfactory environment inside the 
host, strains of uropathogenic Escherichia coli (UPEC) need some special features that are 
achieved by expressing particular genes, called virulence factors. Two of the most impor- 
tant surface virulence factors of UPEC are type 1 fimbriae and P fimbriae that are crucial 
for the colonization process inside the urinary tract. Expression of these virulence factors 
converts a commensal strain into an uropathogen. Beside these factors, outer membrane 
proteins also contribute to virulence being involved in the secretory machinery; an exam- 
ple of such type is TolC protein that transfers «-hemolysin across the outer membrane of 
E. coli. However, -hemolysin along with many other toxins serves various pathogenic 
roles during UTIs including adhesion, colonization, cytotoxic activity, etc. Moreover, 
virulence factors located on bacterial surface including capsule and lipopolysaccharides 
may also have the contribution to UTIs providing antiphagocytosis and antibactericidal 
complement activity. 


Keywords: virulent factors, E. coli, UPEC, urinary tract infection, type 1 fimbriae, 
P fimbriae, «-hemolysin, cytotoxic necrotizing factor 1 (CNF1), siderophores, 
hemin uptake system, flagellar motility 


1. Introduction 


The most commonly living microorganism of the human gastrointestinal tract and also the 
most common causative agent of bacterial urinary tract infection is E. coli [1]. Though they 
remain in a good relationship with their hosts, they might appear as a subject of consider- 
ation in immunocompromised hosts. This common inhabitant of the gastrointestinal tract 
usually remains in a symbiotic relationship with the host and plays a role in maintaining the 
homeostasis of the intestinal tract. Though most of the strains of E. coli are harmless, some 
serotypes can cause food poisoning. E. coli present in the normal human microbiota produces 
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vitamin K,. Strains of E coli, however, obtaining ability to colonize inside the urinary tract 
and to make themselves safe from the host immune system, become uropathogenic E. coli. 
UPEC causes >80% of UTI [2]. Urinary tract infections are very common, and approximately 
10% of people [3] and half of all women (at least one time) become infected throughout their 
life. According to a study, more than 100,000 patients in the United States are hospitalized 
annually due to urinary tract infections [4], and in the year 2011, 400,000 patients were hos- 
pitalized, and the estimated cost was about 2.8 billion USD [5]. Infections can occur in both 
upper and lower urinary tracts. Lower urinary tract infection is known as cystitis, and in the 
case of upper urinary tract infection, it is called pyelonephritis. Without distinction of site, in 
order to cause infection, the causative agent must at first dodge the host’s immune system and 
colonize in the urinary tract [6]. Several different virulent factors are needed for the bacterial 
population to cause infections [7]; for instance, pathogenic strains of E. coli express adherence 
factors which form pili or fimbriae of different types for their attachment in the sites where 
they usually do not live [7]; these are structural virulence factors and predominantly include 
P fimbriae and type 1 fimbriae [1]. Fimbrial adhesins such as PapG and CsgA are virulence 
factors that facilitate the attachment of E. coli [8]. In animal models, type 1 fimbriae aggrandize 
the chance survival of E. coli [9]. Beside these, UPEC can impair host immune system by a 
variety of ways [10], such as toxins and iron acquisition systems, and these are called secreted 
virulence factors. The production of these virulence factors by UPEC may cause an inflamma- 
tory response which makes a possible pathway for UTI symptoms [1]. However, both the host 
and the uropathogenic E. coli strain have different roles in the establishment and colonization 
process in the urinary tract [11]. Here in this chapter, different types of important virulence 
factors of uropathogenic E. coli will be discussed. 


In Gram-negative and some Gram-positive bacteria, virulence genes are allocated in particular 
segments (about 10-200 kilo bases in size) of their genome which have different G + C content 
than the other parts of the genome that are termed as pathogenicity islands. They are present 
in the virulent strains but present rarely in the nonpathogenic strains of the same species. 
These sequences can be transferred horizontally from species to species [12]. Pathogenicity 
islands encode virulence factors such as adherence factors, toxins, and iron acquisition sys- 
tems which are important virulence factors of UPEC. 


2. Adhesion 


Urine of uninfected person is sterile due to urinary flow and antimicrobial activity of uric 
acid. Regular flow of urine does not allow microorganism to colonize inside the urinary tract. 
However, attachment of E. coli to uroepithelial cells allows them to overwhelm the effect of 
urine flow. For many pathogenic microorganisms, it is considered as the first step in the colo- 
nization process [13, 14], and both the host and E. coli function in this process. The ability of 
UPEC to colonize depends upon the expression of different fimbrial adhesins. For a successful 
adherence to the host cell surface, UPEC expresses many adherence factors which are crucial 
for attachment and thus regarded as virulence factors. Many bacterial adhesins are organized in 
a thin filamentous structure called fimbriae or pili although there are evidences of presence of 
adhesins in the cell surface of bacteria. Adhesins of fimbrial nature are important during attach- 
ment process [15]. Fimbriae, also known as pili, are long hair-like structures contained in the cell 
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surface of bacteria that recognize specific compounds usually carbohydrates of the target host 
cells [11]. Pili are the short form of fimbriae and might be used interchangeably with fimbriae. 
Fimbriae consist of oligomeric pilin proteins. These proteins are arranged in such a manner that 
they form a helical cylindrical structure and are both thinner and shorter than flagellum. These 
proteinaceous structures are expressed in uropathogenic strains of E. coli and are considered as 
virulence factors [11]. Most of the receptors for these fimbriae are carbohydrates. They include 
type 1 fimbriae, P fimbriae, and thin aggregative fimbriae [16]. Many bacterial pathogens can 
produce an array of these adhesins, and often inhibition of a single adhesin may cost enough to 
a bacterium to lose its virulence. Functions of pili or fimbriae are not limited only to adhesion 
and can help in many other crucial pathways for the microbe to survive and evade the immune 
system of the host. Evolution of different types of adhesins plays a role in tissue tropism. 


In gram-negative bacteria like UPEC, adhesins are unveiled by chaperone-usher-assisted 
pathway. This pathway involves two proteins, one is a periplasmic chaperone, and the other 
is a protein called usher. Usher act as the base of the structure, and the function of chaperone 
is folding and recruitment of the subunits [17, 18]. In absence of the chaperone, pilin proteins 
are degraded and misfolded and thus cannot be assembled in the form of a mature pilus. On 
the other hand, usher helps to mature the fimbriae and its transportation through the outer 
assuring integrity of the outer membrane. The constituents of usher proteins are an N-terminal 
domain (NTD), 24-stranded beta-barrel channel, a plug domain, and two C-terminal domains 
(CTD). In uropathogenic E. coli strains, chaperone-usher family fimbriae are more abundant. 


2.1. Type 1 fimbriae 


In 99% of E. coli strains, genes to encode type 1 fimbriae are present [19], and during urinary 
tract infections, they damage urinary tract cells by mediating an increased inflammation [20]. 
In order to enter into the host cells of the urinary tract, type 1 fimbriae play a great role. 
Type 1 fimbriae are remarkably versatile virulence factors of UPEC that can stabilize the 
attachment of the bacteria to different type of cells throughout the urinary tract. Though 
in Bowman’s capsules and glomerulus their binding sites could not be identified, a strong 
affinity of type 1 fimbriae was found in proximal tubules and vessel walls. In the bladder, 
they bind strongly to muscular layers and moderately to vessel walls. Receptors for type 1 
fimbriae were also found in the distal tubules and collecting ducts. They can also induce their 
binding to the surface of macrophages [9]. These fimbriae recognize uroplakin from blad- 
der epithelial cells and mannoside-containing host proteins. Unlike many other important 
types of adhesins, these are encoded by the bacterial backbone DNA [21] and are mainly 
composed of FimA proteins along with FimF, FimG, and FimH [17]. FimA proteins are most 
in number but are not pivotal for virulence. Among other subunits of type 1 fimbriae, allelic 
variations of FimH determine the sugar specificity and deletion of fimH results in less amount 
of colonization in mouse models of ascending UTI, and colonization could be restored by 
expression of plasmid with fimH gene [20]. FimH alone or in association with LPS can stimu- 
late toll-like receptor 4 (TLR4) to initiate particular signaling cascade that may activate the 
humoral immune response. Many studies revealed that expression of type 1 fimbriae results 
in virulence and loss of expression results in loss of expression but their presence cannot be 
correlated with UTI as normal fecal strains also have equally expressed type 1 fimbriae [22]. 
However, type 1 fimbriae-mediated attachment is a crucial stage for cystitis. Adhesins of 
these fimbriae are mannose sensitive. 


9 


10 Microbiology of Urinary Tract Infections - Microbial Agents and Predisposing Factors 


2.2. P fimbriae 


P-fimbriated E. coli are pyelonephritogenic and attach to the carbohydrate structure alpha-D- 
Galp-(1-4)-beta-D-Galp. In the kidney, they bind strongly to Bowman’s capsule, glomerulus, 
and endothelial cells of vessel walls. This highly organized composite structure is composed 
of six subunits at least. Once P fimbriae expressed E. coli enter the urinary tract, they establish 
bacteriuria and help to cross the epithelial barrier to enter the bloodstream and can cause 
hemagglutination of erythrocytes [14]. This type of fimbriae is encoded by pap gene cluster 
(also known as fso and fst), and pap + strains remain longer in the intestinal flora than pap- 
strains [23]. P antigens are expressed in the cell surface of red blood cells and in various cells 
lining in the urinary tract. P1 (present in glycoproteins in human), P, P$, and LKE antigens act 
as the receptors for P-fimbriated UPEC. P-fimbriated E. coli cannot agglutinate red blood cells 
that lack P antigen. Isolated P fimbriae can bind to a synthetic analogue of its receptor, and 
experimental application of that analogue impedes infection process. 


There are at least nine genes in the pap gene cluster with two restriction sites at two ends. 
The regulatory part starts the following Eco R1 consisting of papI and papB. Then papA, 
papH, papC, papD, papE, papF, and papG are situated, and after these, Bam HI is present. 
Approximately 1000 of subunits form a P fimbria, being united in a helical manner. Among 
them the major constituent is the protein subunit PapA (19.5 KD), and minor subunits are 
PapE (16.5 KD), PapF (15 KD), and PapG (35 KD). In the periplasmic space, PapD (27.5 KD) 
may be present and can also be incorporated in the structure. Another protein PapC, which 
is the largest one with 80 KD of mass, assists the process by transporting the subunits outside 
the part of the cell. Though PapA is the major constituent, it is not mandatory for attachment, 
and among many serotypes, PapA molecules show high homology with the amino acids of N 
and C termini. PapA also has an average level of similarity with structural subunits of other 
E. coli fimbriae including type 1 fimbriae. The minor subunits at the tip of fimbria determine 
the specificity to the receptor. Many mutational analyses revealed that mutation in PapA does 
not affect the adherence, while mutation in other genes (i.e. papEFG) does not hamper fimbrial 
structural appearance. In the fine structure of P fimbriae, a PapF-PapG complex is formed 
which is attached to PapA (bulk potion of the structure) subunits through PapE subunits. 
Finally, PapH terminates the assembly of the fimbriae and attaches thereby [16]. An important 
thing is that the amino acid sequence of PapG is approximately similar to that of Shiga toxin. 
Shiga toxin is found in some serotypes of E. coli. Another role of PapG was found in some 
variants of P fimbriae which is they can initiate subunit polymerization [14]. 


Many experiments show that expression of these fimbriae is not relevant to urinary tract infec- 
tion, while more sophisticated other experiments have concluded about their role in patho- 
genesis. However, during infection in immunocompromised patients, less expression of P 
fimbriae is observed, which indicated that P fimbriae are needed to overcome certain types of 
host immune attacks. Although P fimbriae can initiate inflammatory responses by activating 
TLR4 [24], it protects UPEC from human polymorphonuclear leukocytes (hHPMNLs). In the 
rapidly changing environment through the urinary tract, environmental influences affect the 
expression of P fimbriae. Expression of P fimbriae is favored at 37°C and inhibited at a range 
of 18-22 °C, but there are some variations in this phenomenon. The temperature-dependent 
expression is controlled by a region close to papB of the pap gene cluster. 
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2.3. Dr/Afa adhesins 


Dr blood group antigen is a membrane protein of red blood cells and located on the decay 
accelerating factor (DAF) that protects red blood cells from being degraded or lysed by 
autologous complements. Another important function of DAF is to regulate complement 
cascade [25]. These antigens are recognized by Dr and Afa adhesin family of uropathogenic 
E. coli. There are both fimbrial (F1845 and O75X) and non-fimbrial (AFA I and AFA II) types 
of adhesins. Immuno-invasion of UPEC by hiding from the host humoral immune response 
is somehow mediated by Dr family of adhesins [26]. These microscopically invisible fimbriae 
are present in the cell wall, and their structural and organization properties are quite different 
from other types of fimbriae [13]. Chloramphenicol can inhibit O75X binding to a specific 
part of the Dr antigen, but it cannot inhibit other adhesins of this family which indicates that 
Dr family adhesins can recognize specific sites at the Dr [25]. For years, several studies were 
conducted to identify specific sites for binging of Dr family hemagglutinins. For instance, a 
strong affinity of O75X was found to Bowman’s capsule, proximal and distal tubules, and the 
collecting duct basement membranes. In the bladder, they strongly bind to connective tissues. 


2.4. Other fimbriae as virulence factors 


FIC is a virulence factor responsible for urinary tract infections, which is encoded by an 
operon of seven genes, i.e., foc AICDFGH, where FocA is the major subunit and FocH is the 
tip adhesin [26]. F1C receptors are present in bladder endothelium and muscular layer. They 
cannot bind to the epithelium. They bind to glomeruli, distal tubules, collecting ducts, and 
vascular endothelial cells. Studies show that F1C fimbriae and pyelonephritis are correlated 
though there is a little difference in the prevalence of type 1 fimbriae in UTI strains and nor- 
mal fecal isolates. Prevalence of F1C fimbriae in normal fecal isolates is 10% which is 16% in 
UTI strains [26]. S fimbriae are genetically identical to F1C fimbriae and differ only by the tip 
adhesin SfaS. Criteria that are needed to be recognized as a virulence factor were determined 
by different studies regarding S fimbriae. There are some other adhesins that are not crucial 
for the survival of UPEC strains such as F9 fimbriae. 


3. Toxins 


Several toxic substances or proteins secreted by uropathogenic strains of E. coli play a conse- 
quential role as virulence factors in UTIs. However, toxins have the ability to alter the host cell 
signaling cascade and modulate inflammatory responses. Several in vitro and in vivo studies 
showed that toxins also contribute to the stimulation of the host cell death and releasing of 
necessary nutrients, which provide the ability to access deeper tissues within the urinary 
tract [27]. In 1987, CDT toxin (cyclomodulins) was first reported as virulent toxin in UPEC 
[28] which opened a new door in the study of the pathogenesis of UTIs, and then many other 
toxins in UPEC were reported including -hemolysin (HlyA), cytotoxic necrotizing factor 
1 (CNF1), secreted autotransporter toxin (SAT), cytolysin A, plasmid-encoded toxin (PET), 
vacuolating autotransporter toxin (VAT), Shigella enterotoxin-1 (ShET-1), arginine succinyl- 
transferase (AST), etc. 
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3.1. «-hemolysin 


Among all the toxins, «-hemolysin (HlyA) is very important which is a lipoprotein and belongs 
to the RTX (repeats in toxin) toxins family [13, 29, 30]. HlyA is a pore-forming toxin and causes 
inducible nitric-oxide-synthase (iNOS)-mediated cell membrane injury and apoptosis [31]. 
However, HlyA can lyse erythrocytes and nucleated host cells at high concentration by a process 
enabling UPEC which may damage the host immune effector cells for gaining enhanced access 
to the host nutrients and iron stores. But when the concentration is low, HlyA can induce the 
apoptosis of target host cells and promote the exfoliation of bladder epithelial cells [13, 32, 33]. 
Besides, HlyA can also contribute to nephropathogenicity, which was proved by infecting mice 
transurethrally or intravesically with toxin producer and nonproducer isogenic clone pairs of 
E. coli [34]. A recent study showed that HlyA regulates the dephosphorylation of Akt, which is 
a multifunctional signaling regulator and responsible for controlling inflammatory responses 
in the host, as well as the cell cycle control [35]. Moreover, HlyA has the role in the increased 
production of IL-6 and IL-8 by inducing Ca” oscillations in renal epithelial cells [36]. 


3.2. Cytotoxic necrotizing factor 1 (CNF1) 


Another virulence factor secreted by E. coli named cytotoxic necrotizing factor 1 (CNF1) is 
also involved in UTIs and stimulates actin stress fiber formation and membrane ruffle forma- 
tion in a Rho GTPase-dependent manner that results in the entry of E. coli into the cells [37]. 
The toxin has a remarkable effect on the actin skeletal of HEp-2 cells and produces large 
vacuoles in HEp-2 cells [28]. However, several in vitro and in vivo studies showed that this 
protein interferes with polymorphonuclear phagocytosis and evokes apoptotic death of blad- 
der epithelial cells and may lead to bladder cell exfoliation and to enhanced bacterial access 
to underlying tissue [38, 39]. In addition, there is also a possibility of the association of CNF1 
with the hemolysin in the virulence mechanism, which is beneficial for the bacteria [28]. 


3.3. Secreted autotransporter toxin (SAT) 


Secreted autotransporter toxin (SAT) may also be important as a virulence factor for the 
pathogenesis of UTIs being had a toxin activity against cell lines of bladder or kidney origin. 
SAT is a serine protease autotransporter which falls within one subgroup of autotransporters 
recently classified as the SPATE (serine protease autotransporters of Enterobacteriaceae) fam- 
ily and associated with pyelonephritic E. coli strains [40, 41]. SAT may have the cytopathic 
activity that results in the damage of the host tissue and may increase the propagation ability 
of the UPEC. However, this toxin may facilitate entry of pyelonephritogenic strains into the 
bloodstream resulting from specific damage to the glomeruli and proximal tubules [40]. 


3.4. Cytolethal distending toxin (CDT) 


Cytolethal distending toxin, having a unique property of damaging the DNA of the target 
cell, was first reported in pathogenic E. coli in 1987 [28, 42]. This toxin has the ability to arrest 
the cell cycle and contributes to the pathogenesis of UTIs [43, 44]. However, CDT is an operon 
product encoding three proteins including CdtA, CdtB, and CdtC proteins which are encoded 
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by cdtA, cdtB, and cdtC genes, respectively [28]. CDT has DNase I-like enzymatic activity and 
attacks DNA, while the other bacterial toxins attack the cell membrane or different targets 
within the cytoplasm [45]. This unique property of attacking DNA damages the target cell 
DNA which results in progressive cell distending leading to cell death [27]. 


3.5. Other toxins 


Some others including cytolysin A and toll/interleukin (IL-1) receptor (TIR) domain-contain- 
ing protein (Tcp) are also considered as virulence factors in UTIs [46, 47]. The former causes 
apoptosis of the host cells [47], while the other has the ability to subvert TLR signaling that 
gives a survival advantage during UTIs [46]. However, Tcp is associated with pyelonephritis 
but rare in environmental E. coli, in fecal flora of healthy children and in less severe forms of 
UTI [27]. Besides these, Tcp has also the role in the human avoidance system and cytopathic 
effect on the kidney [48]. 


In addition to these toxins, vacuolating autotransporter toxin (VAT), Shigella enterotoxin-1 
(ShET-1) and arginine succinyltransferase (AST) may also contribute to UTIs. VAT has the 
cytotoxic effect on the bladder and kidney, while the two others are involved in the invasion 
of the infections [48]. However, VAT is a highly protected immunogenic protein that belongs 
to the protease family of SPATE [28]. 


4. Siderophores 


Iron is a very important molecule for all living beings, and E. coli uses iron for transport- 
ing and storing oxygen, DNA synthesis, electron transport, and metabolism of peroxides. 
But the amount of iron availability is reduced in the host urinary tract during UTIs [49]. In 
response to this, E. coli possesses some multiple functionally redundant systems that mediate 
iron uptake by secreting low-molecular-weight Fe*-chelating molecules which are known as 
siderophores [50]. Iron utilization, mediated by these siderophores, is critical for colonization 
of the urinary tract by UPEC [51]. There are four distinct siderophore systems found in E. 
coli such as yersiniabactin, aerobactin, enterobactin, and salmochelin [52]. These systems also 
include some genes such as ent genes encoding enterobactin, iuc genes encoding aerobactin, 
and iro genes encoding an ent-like system. However, all these systems are expressed under 
low-iron conditions and are negatively regulated by ferrous iron and the ferric uptake regula- 
tor Fur [53]. 


4.1. Aerobactin 


Aerobactin is a low-weight molecule and a hydroxamate siderophore with a higher Fe**- 
binding stability in acidic environments and is maximally produced at low pH [44, 53]. This 
siderophore extracts Fe* from host iron-binding proteins and is taken up through an outer 
membrane receptor protein [44]. However, aerobactin has many advantages over other sid- 
erophores and is formed from the condensation of two lysine molecules and one citrate cata- 
lyzed by an enzyme named aerobactin synthase [13, 25, 30]. 
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4.2. Enterobactin 


Enterobactin is another specialized highly prevalent catecholate siderophore which is less 
soluble and less stable than aerobactin [53-55]. But this siderophore has a higher iron affin- 
ity and can deferrate transferrin more rapidly than aerobactin in aqueous solution [13, 54]. 
However, iron is released from enterobactin through the hydrolysis of this siderophore [13]. 
Besides these, enterobactin may afford UPEC the ability to colonize within an iron-limiting 
environment such as the urinary tract [56]. But this siderophore has a limitation that it can be 
inactivated by host proteins such as serum albumin and siderocalin [25]. 


4.3. Yersiniabactin 


Yersiniabactin, a mixed-type siderophore, is widespread in Enterobacteriaceae including E. coli 
and encoded on the high-pathogenicity island [53]. Yersiniabactin has a high iron affinity 
and produced yersiniabactin-Fe* complex binding to the iron molecule which recognizes the 
specific bacterial outer membrane TonB-dependent receptor and Fyu (Psn). The iron molecule 
is released from yersiniabactin in the cytosol with the help of membrane-embedded proteins 
[57]. In addition, this siderophore increases resistance to copper stress by chelating Cu** [10]. 


4.4. Salmochelin 


Salmochelin is a glucosylated derivative of enterobactin which is not recognized by sidero- 
calin and thus escapes from the host immune response [53]. However, siderocalin, neutro- 
phil gelatinase-associated lipocalin is also known as lipocalin 2 that binds enterobactin and 
prevents its uptake [53, 56]. To overcome this, enterobactin is modified to salmochelin by 
glucosylation via the action of glucosyltransferase and is not recognized by lipocalin 2 [56]. 
However, a recent study found that salmochelin siderophore receptor IroN is involved in 
the invasion of urothelial cells, and thus IroN may play both an iron uptake receptor and an 
internalization factor in the establishment of urinary tract infections [26]. 


4.5. Hemin uptake system 


There is another iron acquisition system called hemin uptake system including ChuA and Hma, 
which involves direct upregulation of haem receptors. This system uptakes free iron during 
UTIs, and several studies found its role in bacterial growth and biofilm formation [48, 58, 59]. 
ChuA expression is regulated by other regulatory proteins, for instance, in uropathogenic E. coli 
strain 536, increase in RfaH level induces the expression of ChuA [60]. But the other receptor 
Hma functions independently of ChuA, and a residue, Tyr-126, is necessary for its function. 
However, both ChuA and Hma contribute to haem utilization which is required for the maxi- 
mum kidney colonization [51]. 


5. Capsule 


The main role of a capsule is to cover and protect the bacterium from various unfavorable con- 
ditions as well as the host immune system, which is mainly constituted of polysaccharide [1]. 
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The capsule provides protection against engulfment and complement-mediated bactericidal 
effect in the host, also including antimicrobial resistance and antiserum activity [1, 48]. Certain 
capsulars, such as K1 and K5, prevent a proper humoral immune response of the infected host 
by showing a molecular mimicry to tissue components [1]. The K1 polysaccharide, a linear 
a2-8-linked sialic acid homopolymer, has a very important role in IBC development as well 
as in the multiple stages of UTI pathogenesis [27, 50]. 


6. Lipopolysaccharide 


Lipopolysaccharide (LPS) is an integral component of the cell wall and consists of the highly 
conserved lipid A-core and repeating O-antigen subunits that differ greatly between strains 
based on the sugar residues and their linkage patterns within the repeating subunits [37, 61]. 
LPS is very well known to activate host response and to induce nitric oxide and cytokine (IL-1, 
TNF-a) production which enhances the inflammatory response [1, 15]. It also induces the syn- 
thesis of specific antibodies to the somatic antigen and exerts an immune-adjuvant effect that 
promotes the humoral immune response to other antigens of the pathogen. However, certain 
antigenic types of LPS are also involved in resistance of the pathogen to the killing effect of 
the normal human serum [46]. According to study upon animal models, acute renal failure 
due to LPS depends on the systemic response to LPS and does not depend on expression of 
functional LPS receptor, TLR4, in the kidney. But it is not clear whether LPS plays a role in 
mediating a renal failure and acute allograft injury in patients with ascending UTIs [1]. 


7. Motility 


Flagellum is an organelle that is responsible for bacterial motility and plays a role in the initial 
adhesion phase of biofilm formation [1, 62]. A recent study showed that motility is involved 
in the migration of the infection from the bladder to the kidneys [63]. About 70-90% of all 
urinary tract infections is caused by flagellated UPEC, and pathogenesis involves contact 
between the bacteria and epithelial cell surface of the urinary tract [1]. However, flagellar 
motility enhances the ability of E. coli by adaptive responses to attractive or repellent environ- 
mental stimuli [15]. 


8. Mechanism of immune escape 


Toll-like receptor 4 (TLR4) in the epithelial cells of the mammalian bladder can recognize lipo- 
polysaccharides (LPS) of bacterial cell wall, and the downstream signaling cascade produces IL-6 
and IL-8, of which IL-8 is well known as an important chemoattractant for neutrophils. Urinary 
levels of IL-6 and IL-8 are measurable in UPEC-infected human and murine models. There is 
another pathway parallel to this one that is responsible for increased levels of IL-6 and IL-8 in 
urine. Upon TLR-4 activation by LPS, intracellular level of cAMP is increased and results in of 
Ca” influx. Later, cAMP response element-binding protein (CREB) becomes phosphorylated. 
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Phosphorylation of CREB results in the expression of IL-6 and IL-8 [24]. Mutation in TLR4 in 
murine models revealed its role on bacterial pathogenesis. There are other receptors related to 
UTI pathogenesis. One of such is CXCR1, but there are both types of evidences that demonstrate 
the positive and “no correlation” of CXCR1 with recurrent UTIs. Polymorphisms in IL-8 genes 
were found to have a correlation with pyelonephritis in the case of no correlation with CXCR1 
mutation [19, 64]. TLR4 can be activated by the presence of type 1 fimbriae and P fimbriae. 


As there are enough studies to evidence the activation of immune response against UPEC 
strains, there must be some ways that are used by these bacteria to overcome unfavorable situ- 
ations early in the infection. Incubation of human urothelial cells with type 1-fimbriated UPEC 
strains resulted in increased apoptosis. In the case of a nonpathogenic type 1-fimbriated strain 
(HB101) of E. coli, rate of apoptosis was approximately 50% of that of pathogenic strains of UPEC 
[65]. UPEC blocks NF-xB, and this results in apoptosis and a decreased cytokine secretion. 


Another indispensable way is the expression of toll/IL-1 receptor domain-containing protein 
(TepC), which was discovered in UPEC strain CFT073. TcpC interacts with myeloid differen- 
tiation primary response 88 (MyD88), a protein that, in human, is encoded by MYD88 gene. 
Interaction of TcpC and MyD88 subsequently stops downstream signaling pathways medi- 
ated by TLRs. 


Modification of capsular lipopolysaccharides specific to the pathogenic strain can cause the 
failure of TLR4 to recognize the pathogen. However, LPS biosynthetic genes encoded by rfa, 
rfb operons, and surA are the factors responsible for the suppression of TLR-initiated signal- 
ing cascades. Biosynthesis of a number of outer membrane proteins and fimbriae is facilitated 
by the protein encoded by surA, which is a periplasmic cis-trans prolyl isomerase [66, 67]. 


9. Conclusions 


Several epidemiological, serological, and bacteriological studies revealed that uropathogenic 
E. coli is the pathogen most frequently associated with UTIs. In recent years, our understand- 
ing of virulence factors and behavior of this pathogen is increased remarkably. Several studies 
showed that E. coli colonizes the urinary tract and may ascend toward the bladder to cause 
cystitis. If it is left untreated, UPEC may ascend the ureters to the kidney and establish a 
secondary infection. Our increased understanding of its virulence factors can uncover novel 
approaches to control UPEC-mediated UTIs. However, accumulation of theoretical knowl- 
edge through virulence studies allows practical applications and may facilitate the applica- 
tion of more precise approaches in phenotypic or molecular diagnosis and epidemiology. 
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Abstract 


Urinary tract infection (UTI) is common ailment worldwide with female predominance. 
Catheter associated urinary tract infection (CAUTI) is the most common healthcare 
related infection commonly used in urinary obstruction and incontinence in critically ill 
patients with prolonged indwelling catheterization means more than 30 days, which is 
almost invariable in all patients within 14 days of catheterization which increases mor- 
bidity and mortality and treatment expenses. Approximately 80% of nosocomial UTI is 
CAUTI. CAUTI may be asymptomatic and symptomatic. 2-4% cases may develop bacter- 
aemia. Organisms responsible for CAUTI is similar to UTI as Escherichia coli the common- 
est than proteus, Pseudomonas, Klebsiella, Enterobacter, Enterococci, Candida, Serratia 
and rarely with Delftia tsuruhatensis, Achromobacter xylosoxidans and few others. CAUTI 
can be multibacterial. In CAUTI infective organisms form biofilm and propagate from 
there. E. coli is the most common isolate of CAUTI but Enterobacter cloacae exhibit highest 
biofilm production. CAUTI organisms are more antibiotic resistance than UTI. Even due 
to extensive use of antibiotics now Extended Spectrum Beta Lactamase (ESBL) producing 
CAUTI organisms are isolated from catheter biofilm. 


Keywords: UTI, catheterization, CAUTI, biofilm 


1. General information about CAUTI 


UTI affects approximately 150 million people worldwide, which is most common infection with 
female predominance [1]. Around 15-25% hospitalized patients receiving indwelling urinary 
catheter develops CAUTI with prolonged catheterization and in among 40% nosocomial UTI, 
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80% is due to CAUTI [2]. CAUTI causes about 20% of episodes of health-care acquired bacter- 
aemia in intensive care facilities and over 50% in long term care facilities [3]. The microbiology 
of biofilm on an indwelling catheter is dynamic with continuing turnover of organisms in the 
biofilm. Patients continue to acquire new organisms at a rate of about 3-7%/day. In long term 
catheterization that is by the end of 30 days CAUTI develops in 100% patients usually with 2 or 
more symptoms or clinical sign of haematuria, fever, suprapubic or loin pain, visible biofilm in 
character or catheter tube and acute confusion all state [4]. In CAUTI the incidence of infection 
is Escherichia coli in 24%, Candida in 24%, Enterococcus in 14% Pseudomonas in 10%, Klebsiella 
in 10% and remaining part with other organisms [5]. Bacteraemia occurs in 2-4% of CAUTI 
patients where case fatality is three times higher than nonbacteremic patients [6]. Adhesions in 
bacteria initiate attachment by recognizing host cell receptors on surfaces of host cell or cath- 
eter. Adhesins initiate adherence by overcoming the electrostatic repulsion observed between 
bacterial cell membranes and surfaces to allow intimate interactions to occur [7]. A biofilm 
is an aggregate of micro-organisms in which cells adhere to each other on a surface embed- 
ded within a self-produced matrix of extracellular polymeric substance [8]. In biofilm micro- 
organisms growing in colonies within an extra-cellular mucopolysaccharide substance which 
they produce. Tamm-Horsfall protein and magnesium and calcium ions are incorporated into 
this material. Immediately after catheter insertion, biofilm starts to form and organisms adhere 
to a conditioning film of host proteins along the catheter surface. Both the inner and outer 
surfaces of catheter are involved. In CAUTI biofilms are initially formed by one organism but 
in prolonged Catheterization multiple bacteria’s are present. In biofilm main mass is formed by 
extra cellular polymeric substance (EPS) within which organisms live. So there are three layers 
in biofilm, where deeper layer is abiotic, than environmental zone and on surface biotic zone 
[9]. Growth of bacteria in biofilms on the inner surface of catheters promotes encrustation and 
may protect bacteria from antimicrobial agents and the consequence is more drug resistance of 
biofilm organisms. When antibiotic treatment ends the biofilm can again shed bacteria, result- 
ing recurrent acute infection. The patients may present as asymptomatic bacteriuria or symp- 
tomatic. In symptomatic bacteriuria patient present with fever, suprapubic or costovertebral 
angle tenderness, and systemic symptoms such as altered mentation, hypotension, or evidence 
of a systemic inflammatory response syndrome. In asymptomatic CAUTI diagnosis is made 
with presence of 10° cfu/mL of one bacterial species in a single catheter urine specimen [10]. In 
symptomatic CAUTI bacteriological criteria is present with clinical symptoms. 


2. The collection of specimens 


It is recommended that urine specimens be obtained through the catheter port using aseptic 
technique or, if a port is not present, puncturing the catheter tubing with a needle and syringe 
in patients with short term catheterization [11]. In long term indwelling catheterization, the 
ideal method of obtaining urine for culture is to replace the catheter and collect the specimen 
from the freshly placed catheter. In a symptomatic patient, this should be done immediately 
prior to initiating antimicrobial therapy. Culture specimens from the urine beg should not be 
obtained [10, 12]. Urine sample can be collected from suprapubic puncture also. Biofilm can 
be cultured from the catheter, for this swab is taken from inner side of catheter. 
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3. Microbiologic diagnosis of CAUTI 


Catheter Associated Asymptomatic Bacteriuria (CA-ASB) is diagnosed when one or more 
organisms are present at quantitative counts 210° cfu/mL from an appropriately collected 
urine specimen in a patient with no symptoms [13]. Lower quantitative counts may be iso- 
lated from urine specimens prior to 210° cfu/mL being present, but these lower counts likely 
reflect the presence of organisms in biofilm forming along the catheter, rather than bladder 
bacteriuria [14]. Thus, it is recommended that the catheter be removed and a new catheter 
inserted, with specimen collection from the freshly placed catheter, before antimicrobial 
therapy is initiated for symptomatic infection [13]. In biofilm culture, most biofilm contains 
mixed bacterial communities meaning polymicrobial colonization. 


Patients who remain catheterized without having antimicrobial therapy and who have 
colony counts 210 ? cfu/mL (or even lower colony counts), the level of bacteriuria or candi- 
duria uniformly increases to >10° cfu/mL within 24—48 h [14]. Given that colony counts in 
bladder urine as low as 10° cfu/mL are associated with symptomatic UTI in non-catheterized 
patients [15], untreated catheterized patients and those who have colony counts 210? cfu/mL 
or even lower, the level of bacteriuria or candiduria uniformly increases to >10° cfu/mL within 
24—48 h [10, 16]. Colony counts as low as 10? cfu/mL in bladder urine may be associated with 
symptomatic UTI in non-catheterized patients. Whereas low colony counts in catheter urine 
specimens are likely to be contaminated by periurethral flora, and the colony counts will 
increase rapidly if untreated. Low colony counts in catheter urine specimens are also reflec- 
tive of significant bacteriuria in patients with intermittent catheterization [14]. 


4. Other laboratory tests 


Pyuria is usually present in CA-UTI, as well as in CA-ASB. The sensitivity of pyuria for detect- 
ing infections due to enterococci or yeasts appears to be lower than that for gram-negative 
bacilli. Dipstick testing for nitrites and leukocyte esterase was also shown to be unhelpful in 
establishing a diagnosis in catheterized patients hospitalized in the ICU [17]. 


5. Microorganisms causing CAUTI 


5.1. CAUTI with E. coli 
5.1.1. Introduction 


Itis the most common cause of CAUTI in 24-60% patients [5, 18]. In CAUTI the source of this 
organism is usually patients own colonic flora. E. coliis large and diverse group of bacteria 
found in environment, foods and intestine of human and animal. Among many species of 
E. coli only a few causes disease in human being. It is beneficial in that it prevents the 
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growth and proliferation of other harmful species of bacteria. Even it plays an important 
role in current biological engineering. 


5.1.2. Structure and pathogenesis 


E. coli was discovered in 1885 by Theodor Escherich, German bacteriologist, is gram negative 
rod, lactose fermenter, composed of one circular chromosome which is common facultative 
anaerobes in colon and farces of human. Distribution is diverse and most of them are harmless 
belonging to genus Escherichia. Harmful species causes infection of urinary tract, gastrointes- 
tinal tract, respiratory system and rarely bacteraemia and septicemia. Phylogenetic analysis 
of E. coli showed majority of the strains responsible for UTI belongs to the phylogenetic group 
B2 and D, while in smaller percentage belong to A and B1 [19]. 


It has three antigens O-cell was antigen, H- flagella antigen and k- Capsular antigen. It has pili—a 
capsule, fimbriae, endotoxins and exotoxins also. Uropathogenic E. coli use P fimbriae (pyelone- 
phritis-associated pili) to bind urinary tract endothelial cells. Vast majority of catheter-colonizing 
cells (up to 88%) express type 1 fimbriae and around 73% in E. coli causing CAUTI [20]. In UPEC 
fimbrial genes are ygiL, yadN, yfcV, and c2395 [21]. Pathogenesis of CAUTI initiated with UPEC 
colonization in periurethral and vaginal areas. Then it ascends to bladder lumen and grows as 
planktonic cells in urine. Sequentially adherence to bladder epithelium, then biofilm formation 
and invasion with replication and kidney colonization and finally bacteremia [22] (Figure 1). 


5.1.3. Laboratory diagnosis 


Diagnosis of E. coli infection is simple, by isolation and laboratory identification of bacterium 
from urine or biofilm. Laboratory diagnosis by culture of specimen—urine or catheter biofilm 
in blood agar, MacConkey’s agar or eosin-methylene blue agar (which reveal lactose fermen- 
tation). Immunomagnetic separation and specific ELISA, latex agglutination tests, colony 
immunoblot assays, and other immunological-based detection methods are other ways for 
diagnosis of E. coli. 


Figure 1. Gram stain picture and morphology of E. coli. Adapted from CCBC faculty web. BIOL 230 Lab Manual: gram 
stain of E. coli and infection landscapes: Escherichia coli. http://faculty.ccbemd.edu/courses/bio141/labmanua/lab16/ 
gramstain/gnrod.html. 
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5.2. Proteus in CAUTI 
5.2.1. Introduction 


Proteus species, member of the Enterobacteriaceae family of gram-negative bacilli are distin- 
guishable from most other genera by their ability to swarm across an agar surface [23, 24]. 
Proteus species are most widely distributed in environment and as other enterobacteriaceae, 
this bacteria is part of intestinal flora of human being [25, 26]. Proteus also found in multiple 
environmental habitats, including long-term care facilities and hospitals. In hospital setting, it 
is not unusual for proteus species to colonize both the skin and mucosa of hospitalized patient 
and causing opportunistic nosocomial infections. It is one of the common causes of UTI in 
hospitalized patients undergoing urinary catheterization [26, 27]. 


UTIs are the most common manifestation of Proteus infection. Proteus infection accounts for 1-2% 
of UTIs in healthy women and 5% of hospital acquired UTIs. Catheters associated UTI have a 
prevalence of 20-45%. Proteus mirabilis causes 90% of proteus infection and proteus vulgaris and 
proteus penneri also isolated from long-term care facilities and hospital and from patients with 
underlying disease or specialized care. Most common age group is 20-50 years. More common 
in female group and the ratio between male female begins to decline after 50 years. UTI in men 
younger than 50 are usually caused by urologic abnormalities. Patients with recurrent infections, 
those with structural abnormalities of the urinary tract, those who have had urethral instrumenta- 
tion or catheterization have an increase frequency of infection caused by proteus species [28]. 


5.2.2. Structure and pathogenesis 


Proteus mirabilis produces an acidic capsular polysaccharide which was shown from gly- 
cose analysis, carboxyl reduction, methylation, periodate oxidation and the application 
high resolution nuclear magnetic resonance techniques. Proteus species possess an extra- 
cytoplasmic outer membrane, a common feature shared with other gram-negative bacteria. 
Infection depends upon the interacting organism and the host defense mechanism. Various 
component of the membrane interplay with the host to determine virulence. Virulence 
factors associated with adhesion, motility, biofilm formation, immunoavoidance, nutrient 
acquisition and as well as factors that cause damage to the host [29, 30] (Figure 2). 


Certain virulence factors such as adhesin, motility and biofilm formation have been identi- 
fied in Proteus species that has a positive correlation with risk of infection. After attachment 
of Proteus with urothelial cells, interleukin 6 and interleukin 8 secreted from the urothelial 
cells causes apoptosis and mucosal endothelial cell desquamation. Urease production of 
proteus also augments the risk of UTI. Urease production, together with the presence of 
bacterial motility and fimbriae or pili, as well as adhesins anchored directly within bacterial 
cell membrane may favor the upper urinary tract infection. Once firmly attached on the 
uroepithelium or catheter surface, bacteria begin to phenotypically change, producing exo- 
polysaccharides that entrap and protect bacteria. These attached bacteria replicate and form 
microcolonies that eventually mature into biofilms [31, 32]. Once established, biofilms inher- 
ently protect uropathogens from antibiotic and the host immune response [33, 34]. Proteus 
mirabilis as with other uropathogens is capable of adapting to the urinary tract environ- 
ment and acquiring nutrients. And this is accomplished by the production of degradative 


27 


28 Microbiology of Urinary Tract Infections - Microbial Agents and Predisposing Factors 


ý ; a AJ TT ’ 
a te 8 d i Fe: |g 
z he, : i n 4 
We a a™ 
(ee stim . gogos 
/ “+ pr 
i” => aa y 4 
. e ` à 
Á ", k ' 2 
a a: td a, -? 
os >. E aan E 
> . ¢ P r aa i ` 
ww a Ka K g> m 
KEES E eee “ar \ 
h ~- SADE | bs eo SFe “4 i ve KP 
S ` t ra 
Eo og -a a, e all ~~ Sum, 
Ws FI \ ae a iè 


Figure 2. Gram stain picture and morphology of Proteus. Adapted from CCBC faculty web. BIOL 230 Lab Manual: gram 
stain of Proteus mirabilis and Proteus vulgaris bacteria (SEM) | Macro & Micro: Up Close and Personal | Pinterest | 
Microbiology, Bacteria shapes and Fungi. https://www.pinterest.com > pin. 


enzymes such urease and proteases, toxins such as Haemolysin Hpm A and iron nutrient 
acquisition proteins. 


5.2.3. Laboratory diagnosis 


The infection with Proteus can be diagnosed by taking a urine sample for microscopy and 
culture which is sufficient in most of the cases except in few cases where advanced diagnos- 
tic tools are used. If the urine is alkaline, it is suggestive of infection with Proteus sp. The 
diagnosis of Proteus is made on swarming motility on media, unable to metabolized lactose 
and has a distinct fishy door. Ultrasound or CT scan to identify renal stone (Struvite stone) 
or to visualized kidneys or surrounding structures. It will allow to exclude other possible 
problems, mimicking symptoms of urinary tract infection [35, 36]. 


5.3. Pseudomonas in CAUTI 
5.3.1. Introduction 


Pseudomonas is a gram-negative bacteria belonging to the family Pseudomonadaceae and con- 
taining 191 validly described species [37]. Because of their widespread occurrence in water and 
plant seeds, the pseudomonas was observed in early history of microbiology. Pseudomonas is 
flagellated, motile, aerobic organism with Catalase and oxidase-positive. Pseudomonas may be 
the most common nuclear or of ice crystals in clouds, thereby being of utmost importance to the 
formation of snow and rain around the world [38]. All species of Pseudomonas are strict aerobes, 
and a significant number of organisms can produce exopolysaccharides associated with biofilm 
formation [39]. Pseudomonas is an opportunistic human pathogen that is especially adept at 
forming surface associated biofilms. Pseudomonas causes catheter associated urinary tract 
infection(CAUTIs) through biofilm formation on the surface of indwelling catheters, and biofilm 
mediated infection including ventilator associated pneumonia, infections related to mechanical 
heart valves, stents, grafts, sutures, and contract lens associated corneal infection [40]. 
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Pseudomonas is third ranking causes nosocomial UTI about 12%, where E. coli remain on the 
top [41]. CAUTI is directly associated with duration of catheterization. Within 2—4 days of 
catheterization 15-25% patients develop bacteriuria [42]. 


5.3.2. Structure and pathogenesis 


Pseudomonas aeruginosa is a gram-negative, rod shaped, asporogenous and monoflagellated, 
noncapsular bacterium but many strains have a mucoid slime layer. Pseudomonas has an incred- 
ible nutritional versatility. Pseudomonas can catabolize a wide range of organic molecule includ- 
ing organic compounds such as benzoate. This, then make Pseudomonas a very ubiquitous 
microorganism and Pseudomonas is the most abundant organism on earth [43] (Figure 3). 


Pseudomonas is widely distributed in nature and is commonly present in moist environment 
of hospitals. It is pathogenic only when introduce into areas devoid of normal defense such as 
disruption of mucous membrane and skin, usage of intravenous or urinary catheters and neu- 
tropenia due to cancer or in cancer therapy. Its pathogenic activity depends on its antigenic 
structure, enzymes and toxins [44]. Among the enzymes Catalase, Pyocyanin, Proteases, elastase, 
haemolysin, Phospholipase C, exoenzyme S and T and endotoxin and endotoxin A play role in 
disease process and as well as immunosuppression. Pseudomonas can infect almost any organ 
or external site. Pseudomonas in invasive and toxigenic. It attached to and colonized the mucous 
membrane of skin. Pseudomonas can invade locally to produce systemic disease and septicemia. 
Pseudomonal UTs are usually hospital acquired and are associated with catheterization, instru- 
mentation and surgery. These infections can involve the urinary tract through an ascending infec- 
tion or through bacteriuria spread. These UTIs may be a source of bacteraemia or septicemia [45]. 


5.3.3. Laboratory diagnosis 


Identification of bacterium with microscopy is simple method of identification of pseudo- 
monas. Culture and antibiotic sensitivity pattern can be done in most laboratory media 
commonly on blood agar or eosin-methylthionine blue agar. Pseudomonas has inability to 
ferment lactose and has a positive oxidase reaction. Fluorescence under UV light is helpful in 


Figure 3. Gram stain picture and morphology of Pseudomonas aeroginosa. Adapted from Science News. A new 
antibiotic uses sneaky tactics to kill drug-resistant Pseudomonas aeruginosa illustration and Pseudomonas Aeruginosa 
Stock Photos & Pseudomonas Aeruginosa Stock Images—Alams. https://www.alamy.com > stock-photo. 
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early identification of colonies. Fluorescence is also used to suggest the presence of pseudo- 
monas in wounds [46]. 


5.4. CAUTI with Klebsiella 
5.4.1. Introduction 


Urinary catheters are standard medical devices utilized in both hospital and nursing home 
settings are associated with a high frequency of catheter-associated urinary tract infections 
(CAUTI). The contribution of Klebsiella spp. in CAUTI is near about 7.7% [47]. 


5.4.2. Structure and pathogenesis 


Klebsiella pneumoniae is a gram-negative pathogenic bacterium, is part of the Enterobacteriaceae 
family. It has got polysaccharide capsule attached to the bacterial outer membrane, and it fer- 
ments lactose. Klebsiella species are found ubiquitously in nature, including in plants, animals, 
and humans. They are the causative agent of several types of infections in humans. It has a large 
accessory genome of plasmids and chromosomal gene loci. This accessory genome divides K. pneu- 
moniae strains into opportunistic, hyper virulent, and multidrug-resistant groups [48] (Figure 4). 


The source of Klebsiella causing CAUTI can be endogenous typically via meatal, rectal, or 
vaginal colonization or exogenous, such as via equipment or contaminated hands of health- 
care personnel. They typically migrate along the outer surface of the indwelling urethral 
catheter, until they enter the urethra. 


Migration of the Klebsiella along the inner surface of the indwelling urethral catheter occurs much 
less frequently, compared with along the outer surface Internal (intraluminal) bacterial ascension 
occurs by Klebsiella tend to be introduced when opening the otherwise closed urinary drainage 
system, ascend from the urine collection bag into the bladder via reflux, biofilm formation occurs. 


A critical step in progression to CAUTI by Klebsiella is to adhere to host surfaces, which is 
frequently achieved using pili (fimbriae) [49]. Pili are filamentous structures extending from 


Figure 4. Gram stain picture and morphology of Klebsiella pneumonie. Adapted from studyblue.com. Microbio Lab 
Practical I—Microbiology 101 with Johnson at University of Vermont—StudyBlue. Study 368 Microbio Lab Practical I 
flashcards from Tess H. on StudyBlue and Klebsiella Pneumoniae Stock Photos and Pictures. Getty Images https://www. 
gettyimages.com > photos. 
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the surface of Klebsiella. They can be as long as 10 um and between 1 and 11 nm in diameter. 
Among the two types of pili—type 1 (fim) pili and type 3 (mrk) pili, type 1 aids virulence by 
their ability to adhere with mucosal surfaces and type 3 pili strongly associated with biofilm 
production [50]. Both fim and mrk pili are considered part of the core genome [51]. It is thought 
that both types of pili play a role in colonization of urinary catheters, leading to CAUTI [52]. 
In addition to fim and mrk pili, a number of additional usher-type pili have been identified 
in Klebsiella with an average of ~8 pili clusters per strain. Based on varying gene frequencies, 
some of these appear to be part of the accessory genome. Immediately after catheterization 
Klebsiella starts biofilm production on the inner as well as outer surface of the catheter and on 
urothelium. Biofilm augments migration of Klebsiella into urethra and urinary bladder. Biofilm 
formation on the catheter surface by Klebsiella pneumoniae causes severe problem. Type 1 and 
type 3 fimbriae expressed by K. pneumoniae enhance biofilm formation on urinary catheters in 
a catheterized bladder model that mirrors the physicochemical conditions present in catheter- 
ized patients. These two fimbrial types does not is expressed when cells are grown planktoni- 
cally. Interestingly, during biofilm formation on catheters, both fimbrial types are expressed, 
suggesting that they are both important in promoting biofilm formation on catheters [53]. The 
biofilm life cycle illustrated in three steps: initial attachment events with inert surfaces type 1 
and type 3 fimbriae encoded by the mrk ABCDF gene cluster within K. pneumoniae promotes 
biofilm formation [54, 55]. Detachment events by clumps of Klebsiella or by a ‘swarming’ phe- 
nomenon within the interior of bacterial clusters, resulting in so-called ‘seeding dispersal’. 


Modifiable risk factor are prolonged catheterization, lack of adherence to aseptic catheter 
care, insertion of the indwelling urethral catheter in a location other than an operating room, 
presence of a urethral stent, feecal incontinence. Non-modifiable risk factor—renal disease 
(i.e., serum creatinine >2 mg/dL), diabetes mellitus, older age (i.e., age > 50 years old), female 
sex, malnutrition and severe underlying illness [53]. For infection several virulence factors 
such as surface factors (fimbriae, adhesins, and P and type 1 pili) and extracellular factors 
toxins, siderophores, enzymes, and polysaccharide coatings are necessary for initial adhesion 
with colonization of host mucosal surfaces for tissue invasion overcoming the host defense 
mechanisms, and causing chronic infections [55]. 


5.4.3. Laboratory diagnosis 


Diagnosis of klebsiella infection is by isolation and laboratory identification of bacterium from 
urine or biofilm. Laboratory diagnosis can be done by culture of specimen—urine or catheter 
biofilm in blood agar, MacConkey’s agar. Specific ELISA, latex agglutination tests, PCR and 
other immunological-based detection methods are sophisticated alternatives for diagnosis of 
klebsiella. Determination of a gene on capsule of Klebsiella is rapid and simple method for the 
determination of the K types of most K. pneumoniae clinical isolates [56]. 


5.5. CAUTI with Enterobacter 
5.5.1. Introduction 


Enterobacter species, particularly Enterobacter cloacae and Enterobacter aerogenes, are important 
nosocomial pathogens responsible for about 1.9-9% CAUTI, rarely causes bacteremia [57, 58]. 
Enterobacter cloacae exhibited the highest biofilm production (87.5%) among isolated pathogens [53]. 
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5.5.2. Structure and pathogenesis 


Enterobacter bacteria are motile, rod-shaped cells, facultative anaerobic, non-spore-forming, 
some of which are encapsulated belonging to the family Enterobacteriaceae. They are impor- 
tant opportunistic and multi-resistant bacterial pathogens. As facultative anaerobes, some 
Enterobacter bacteria ferment both glucose and lactose as a carbon source, presence of orni- 
thine decarboxylase (ODC) activity and the lack of urease activity. In biofilms they secrete 
various cytotoxins (enterotoxins, hemolysins, pore-forming toxins. Though it is microflora in 
the intestine of humans, it is pathogens in plants and insects. Amp C f-lactamase production 
by E. cloacae is responsible for cephalosporin resistance. They possess peritrichous, amphitri- 
chous, lophotrichous, polar flagella. E. aerogenes flagellar genes and its assembly system have 
been acquired in bloc from the Serratia genus [59] (Figure 5). 


5.5.3. Laboratory diagnosis 


The most important test to document Enterobacter infections is culture. Direct gram staining 
of the specimen is also useful. In the laboratory, growth of Enterobacter isolates is occurs in 
24h or less; Enterobacter species grow rapidly on selective (i.e., MacConkey) and nonselective 
(i.e., sheep blood) agars. 


5.6. CAUTI with Enterococcus 
5.6.1. Introduction 


Enterococci are gram-positive facultative anaerobic cocci, two species are common commen- 
sal organisms in the intestines of humans: Enterococcus faecalis (90-95%) and Enterococcus 
faecium (5-10%) [60]. Though normally a gut commensal, these organisms are commonly 
responsible for nosocomial infection of urinary tract, biliary tract and blood, particularly 
in intensive care units (ICU) [61]. E. coli is usually the most frequent species isolated from 
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Figure 5. Gram stain picture and morphology of Enterobacter species. Adapted from Gram Stain Kit | Microorganism 
Stain | abcam.comAdwww.abcam.com/ and Science Prof Online. Gram-negative Bacteria Images: photos of Escherichia 
coli, Salmonella & Enterobacter and Enterobacter aerogenes | Gram-negative microorganism—HPV Decontamination | 
Hydrogen Peroxide Vapour—Bioquellhealthcare.bioquell.com » microbiology. 
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bacteremic catheter associated urinary tract infections (CAUTI). However, Enterococcus spp. 
(28.4%) and Candida spp. (19.7%) were also reported to be most common [62]. In another 
study, E. coli was found the commonest (36%) followed by Enterococcus spp. (25%), Klebsiella 
species (20%) and Pseudomonas spp. (5%) [63]. 


5.6.2. Structure and pathogenesis 


The most important cause of bacteriuria is the formation of biofilm along the catheter surface 
[64]. Enterococcus is gram positive bacteria often found in pairs or short chains. Broadly, 
Enterococcus is in two groups—faecalis and non-faecalis (E. gallinarum and E. casseliflavus). 
Enterococcus faecalis formerly classified as part of the group D Streptococcus is a gram- 
positive, commensal bacterium inhabiting the gastrointestinal tracts of humans and other 
mammals, survive harsh environmental conditions including drying, high temperatures, and 
exposure to some antiseptics [65]. E. faecalis has the important characteristics of complex set of 
biochemical reactions, including fermentation of carbohydrates, hydrolysis of arginine, toler- 
ance to tellurite, and motility and pigmentation. Presence of the catheter itself is essential for 
E. faecalis persistence in the bladder, E. faecalis depends on the catheter implant for persistence 
via an unknown mechanism that more than likely involves its ability to produce biofilms on 
the silicone tubing and immune-suppression [66]. 


E. faecalis produce a heteropolymeric extracellular hair-like fimbrial structure called the endocar- 
ditis- and biofilm-associated pilus-Ebp, having three components the organelle (EbpC), a minor 
subunit that forms the base of the structure (EbpB) and a tip-located adhesin (EbpA) [67]. EbpA 
is responsible for adhesion in urothelial and catheter surface for biofilm production (Figure 6). 


5.6.3. Laboratory diagnosis 


Urine sample and biofilm microscopy can identify this gram positive organism. Culture 
yields the growth of E. faecalis in appropriate media. Advanced diagnostic methods like 
immunological-based detection methods and PCR are rarely needed for diagnosis. 


Figure 6. Morphology of Enterococcus. Adapted from Science Photo Library/Alamy Stock Photo Image ID: FoYBC3. 
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5.7. CAUTI with Candida 
5.7.1. Introduction 


One of the common causes of catheter associated urinary tract infection is fungal infection. 
Bacterial infections are accounted for 70.9% of catheter associated urinary infection. E. coli is 
the most commonly isolated organism (41.6%) whereas fungal infections are accounted for 
16.6% and mixed fungal and bacterial infections accounted for 12.5% [68]. The National noso- 
comial infections surveillance (NNIS) data indicated that C. albicans caused 21% of catheter- 
associated urinary tract infections, in contrast to 13% of non-catheter-associated infections 
[69]. In one study 24% of the cases showing fungal yeast growth. Candida spp. was the com- 
monest. Non-albicans Candida (86%) isolated more commonly than Candida albicans (14%) 
[70]. Candida are commensals, and to be pathogenic, interruption of normal host defenses is 
crucial which is facilitated in conditions like immunocompromised states as AIDS, diabetes 
mellitus, prolonged broad spectrum antibiotic use, indwelling devices, intravenous drug use 
and hyperalimentation fluids [71]. Diabetes mellitus has been reported as the most common 
risk factor for fungal infection [72, 73]. The duration of catheterization is also an important 
risk factor as the duration increases the incidence of fungal infection is increased [74]. 


5.7.2. Structure and pathogenesis 


Candida albicans is an oval, budding yeast, which is a member of the normal flora of mucocutane- 
ous membrane. Twenty species of Candida yeasts can cause in human infection but most common 
is Candida albicans. Sometimes it can gain predominance and can produce disease. Other candida 
species that can cause disease occasionally are Candida parapsilosis, Candida tropicalis and Candida 
krusei [75]. Although Candida albicans are common isolates in CAUTI, Candida tropicalis is increas- 
ingly reported in CAUTI [76]. The majority of Candida albicans infections are associated with bio- 
film formation on host or abiotic surfaces such as indwelling medical devices, which carry high 
morbidity and mortality [63, 77]. Several factors and activities contribute to the pathogenesis of 
this fungus which mediate adhesion to and invasion into host cells, which are in sequences are the 
secretion of hydrolases, the yeast-to-hypha transition, contact sensing and thigmotropism, biofilm 
formation, phenotypic switching and a range of fitness attributes [78] (Figure 7). 


Figure 7. Morphology of Candida albicans. Adapted from biomedik8888, Aug 24, 2011. http://www.BioMedik.com.au3. 
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5.7.3. Laboratory diagnosis 


Urine and materials removed from catheter are needed. Microscopic examinations of gram- 
stained specimen showed pseudohyphae and budding cells. Culture on Sabouraud’s agar 
at room temperature and at 37°C showed typical colonies and budding pseudomycelia [79]. 


5.8. CAUTI with Serratia marcescens 


It is facultative anaerobic bacilli gram-negative rod of Enterobacteriaceae family considered 
opportunistic human pathogen but not a component of human facial flora. It is capable of 
producing a pigment called prodigiosin, which ranges in color from dark red to pale pink. It 
is ubiquitously spent in nature and has preference for damp conditions. Though previously 
known as nonpathogenic, but since 1970s it is associated with multi drug resistant infection 
due to presence of R factor—a plasmid. A study in Japan showed 6.8% incidence of UTI with 
this organism [80]. It also causes bacteraemia rarely. Diagnosis is confirmed by culture of the 
urine specimen or catheter biofilm. Automated bacterial identification systems and Matrix- 
Assisted Laser Desorption Ionization-Time of Flight Mass Spectrometry (MALDI-TOF MS) is 
the other modality for diagnosis of serratia as well as other enterobacteriaceae [81]. 


5.9. CAUTI with Delftia tsuruhatensis 


This non-fermentative gram-negative rod discovered as plant growth-promoting bacterium 
and potential biocontrol agent against plant pathogens. Infection with this uncommon organ- 
ism in CAUTI occurs in combination with commonest bacteria E. coli, Klebsiella pneumoniae 
and Pseudomonas aeruginosa. D. tsuruhatensis and E. coli coexist and tend to co-aggregate over 
time and also cooperate synergistically [82]. D. tsuruhatensis metabolized citric acid more 
rapidly leaving more uric acid available in the medium to be used by E. coli for dynamic 
growth of both organisms. Identification of this organism is not confirmatory with culture, so 
molecular methods are more reliable [83]. 


5.10. CAUTI with Achromobacter xylosoxidans 


Achromobacter denitrificans is gram negative bacterium formerly known as Alcaligenes denit- 
rificans. Infection with this organism predominantly observed in elderly patients with predis- 
posing factors as urological abnormalities, malignancies and immune-suppression. Rarely it 
causes bacteraemia. This bacterium has high level of antibiotic resistance [84]. 


In polymicrobial biofilm, Achromobacter xylosoxidans cohabits with common organisms 
E. coli, Pseudomonas aeruginosa and Klebsiella pneumoniae. Diagnosis is by bacterial culture 
and molecular methods. 


5.11. CAUTI with Staphylococci 


Staphylococci (methicillin-sensitive Staphylococcus aureus [MSSA] and methicillin-resistant 
S. aureus [MRSA], Staphylococcus saprophyticus. These are the common gram positive bacteria 
usually responsible for skin and soft tissue infections but rarely cause CAUTI and bacterae- 
mia [85]. 
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Figure 8. Morphology of Staphylococcus aureus. Adapted from abcam.comAdwww.abcam.com/ pharmacist-driven 
intervention improves care of patients with S aureus Bacteremia/Staph aureus. Nebraska Medicine https://asap. 
nebraskamed.com. 


The incidence of Staphylococcal UTI as well as CAUTI is increasing and the organisms carry 
wide variety of multidrug-resistant genes on plasmids, which augment spread of resistance 
among other species [86]. 


Diagnosis is easy, gram stain of the sample, culture is sufficient. Advanced techniques rarely 
needed (Figure 8). 


6. Conclusion 


CAUTI is one of the most nosocomial Infection worldwide resulting from rational as well 
as sometimes irrational use of indwelling urinary catheter. Cause of CAUTI is formation of 
pathogenic biofilm commonly due to UPEC, Proteus, Klebsiella, Pseudomonas, Enterobacter 
rarely Candida and other uncommon opportunistic organisms. CAUTI has got high impact 
on morbidity and mortality as biofilm producing organisms are more antibiotic resistant. 
Antibiotic resistance is a global problem. Early detection of CAUTI is simple by examination 
of urine and catheter biofilm with microscopy as well as culture with antibiogram. It is easy 
and cost effective with early diagnosis and treatment for good clinical outcome. Advanced 
and sophisticated methods like Immunomagnetic separation, specific ELISA, colony immu- 
noblot assays and PCR for diagnosis of CAUTI is seldom necessary. 
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Chapter 4 


Urinary Tract Infection in Diabetics 


Ajay Kumar Prajapati 


Abstract 


Diabetes is a metabolic disease with increase blood sugar level. A large population of 
world is affected by diabetes. The patients suffering from diabetes have many other com- 
plications like cardiovascular disease, kidney disease, retinopathy, diabetic foot, diabetic 
neuropathy, urinary tract infection, etc. The patients with diabetes are more prone to get 
urinary tract infection due to frequent urination and high blood sugar level. The high 
sugar level gives favorable growth environment to the pathogens. Early diagnosis and 
proper medication are necessary for management of urinary tract infection in diabetic 
patients. The diagnosis of urinary tract infection is dependent on urine culture reports. 
The treatment should preferably be started after antimicrobial susceptibility reports. The 
misuse or overuse of antibiotics may lead to antimicrobial resistance. The antimicrobial 
resistance is another challenge in management of urinary tract infection. 


Keywords: diabetes mellitus, urinary tract infection, Gram-negative bacilli, antibiotic, 
antimicrobial resistance 


1. Introduction 


Diabetes is a global threat that affects the quality of life, and it is estimated that it will affect 220 
million people by the year 2020 worldwide. Morbidity and mortality in diabetic patients are 
caused by infections. Evidence suggests that, urinary tract infection (UTI) is the most common 
bacterial infections among diabetic patients. According to American Diabetes Association 
(ADA) report, patients suffering from type 2 diabetes are more likely to have a urinary tract 
infection (UTI) and repeat UTI than patients without diabetes. Symptomatic bacteriuria in 
patients with diabetes is serious and warrants proper clinical attention for diagnosis and 
treatment. High glucose concentration in the urine can provide a rich source of nutrients for 
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bacteria. Therefore, bacteria can multiply and make foundation for infection also. High glu- 
cose concentration in the urine can allow urinary colonization by microorganisms. Moreover, 
multiple mechanisms were involved in UTI patients with diabetes. Diabetic female, diabetic 
overweight, and diabetic obese patients are having the highest risk of UTI. In general dia- 
betic population, other risk factors associated with urinary tract infection were found to be 
diabetic nephropathy, diabetes with hypertension, and insulin therapy. Emphysematous 
pyelonephritis, emphysematous cystitis, renal and perinephric abscesses, urosepsis, and bac- 
teremia are the complications of diabetes-associated UTI. Longer hospitalization, recurrence 
of UTI, relapse and re-infection, bacteremia, azotemia, and septic shock are the outcomes of 
diabetes-associated UTI [1]. 


2. Diabetes 


Diabetes is a persistent disease. This disease is characterized by increase of blood glucose 
level. The reasons of increase of blood glucose level may be either insufficient production of 
insulin, a hormone that regulates the blood glucose level, or the insulin produced cannot be 
used properly. Frequent urination, increased thirst, and increased hunger are the common 
symptoms of diabetes. Uncontrolled blood sugar level can cause many complications. These 
complications include cardiovascular disease, stroke, chronic kidney disease, foot ulcers, 
damage to the eyes, diabetic ketoacidosis, etc. Diabetes mellitus can be described as group of 
metabolic disorders causing increase in blood sugar level due to defect in insulin secretion, 
insulin action, or both [2]. The digestive system breaks carbohydrates, sugars, and starches 
found in many foods into glucose, which is a type of sugar that enters the bloodstream [3]. 
By the action of the hormone insulin, cells throughout the body absorb glucose and use it for 
energy. Diabetes develops when the body does not produce enough insulin or is unable to use 
insulin effectively or both. Insulin is produced in the pancreas. Clusters of cells found in the 
pancreas are called islets. Pancreas having islets, which contain beta cells, produces insulin 
and releases it into the blood. 


3. Types of diabetes 


e Type 1 diabetes also called as insulin-dependent diabetes mellitus (type I diabetes occurs 
due to B-cell destruction, usually leading to absolute insulin deficiency). 


e Type 2 diabetes also called as noninsulin-dependent diabetes mellitus (type II diabetes 
occurs due to a progressive loss of insulin secretion). 


e Gestational diabetes mellitus (GDM) (diabetes detected in the second or third trimester of 
pregnancy that is not clearly overt diabetes). 


e Specific types of diabetes due to other reasons, for example, monogenic diabetes syn- 
dromes (such as maturity-onset diabetes of the young [MODY] and neonatal diabetes), 
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diseases associated with exocrine pancreas (such as cystic fibrosis), and drug- or chemical- 
induced diabetes (such as use of glucocorticoid, in the treatment of HIV/AIDS or after 
organ transplantation). 


Type 1 diabetes occurs in childhood, mainly due to destruction of pancreatic B-cell islets 
through autoimmune-mediated, causing complete insulin deficiency. Type 2 is more associated 
with adults and elderly people, which are mainly due to insulin resistance or abnormal insulin 
production. The exact reason of pancreatic failure and insulin resistance is unknown, but they 
are associated with disease condition, food habit, and environmental impact. Diabetic patients 
are more susceptible to various type of infection such as skin diseases and carbuncles [4]. 


Gestational diabetes is other type of diabetes, which is mainly associated with pregnancy. It 
occurs in the 4% of pregnancies in US, usually during the third trimester. It causes increased 
perinatal morbidity and mortality unless properly diagnosed or managed. Genetic defects 
of B-cell function or insulin action is also a type of diabetes mellitus commonly called matu- 
rity onset diabetes. Neonatal diabetes mellitus is also a type of diabetes, in which first 3 
months of life insulin is required for the maintenance of blood glucose level in. It may be 
caused by intrauterine growth retardation and defects of chromosome. The heart, blood 
vessels, eyes, kidneys, and nerves can be damaged by diabetes, leading to disability and 
premature death. 


4. Urinary tract infection in diabetics 


Infections are frequent causes of morbidity and mortality in diabetic patients. Evidence sug- 
gesting that urinary tract infection (UTI) is the most common bacterial infections among dia- 
betic patients. High glucose concentration in the urine can provide a rich source of nutrients 
for bacteria [5, 6]. Therefore, bacteria can multiply and make foundation for infection; also, 
high glucose concentration in the urine can allow urinary colonization by microorganisms. 
Moreover, some of the immunological defects like impaired neutrophil function, reduced T 
cell-mediated immune response, low levels of prostaglandin E, thromboxane B2, and leukot- 
riene B4 may contribute to the increased risk for infection. Other conditions such as bladder 
dysfunction (incomplete bladder emptying) caused by autonomic neuropathy also may con- 
tribute to the increased risk for infection [7, 8]. UTI in diabetes can lead to severe complica- 
tions including bacteremia, renal abscess, and renal papillary necrosis. In some cases, diabetes 
modifies the genitourinary system and may cause damage to the organ, which leads to pyelo- 
nephritis. This type of UTI occurs 15 times more frequently in diabetic patients. Therefore, 
early diagnosis and correct treatment are very important for diabetes patients with UTI [9, 
10]. Molecular reasons for an increased frequency of UTI in diabetic patients include depres- 
sion in the function of polymorphonuclear leucocytes especially during acidosis, dysfunction 
of chemotaxis, and phagocytosis [10]. High blood glucose levels may cause nerve damage, 
affecting the ability of the bladder to sense the presence of urine and thus allowing urine to 
stay for a long time in the bladder and increasing probability of infection [11]. 
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Various types of UTI in patients with diabetes include 


e Asymptomatic bacteriuria 

e Acute cystitis 

e Complicated lower UTI (including catheter-associated UTI) 
e Uncomplicated pyelonephritis 


e Complicated pyelonephritis/urosepsis 


5. Pathogenesis of UTI in diabetics 


The chance of occurrence of UTIs in diabetic patients used to increase many folds due to 
several factors. Multiple potential mechanisms unique to diabetes may cause increased risk of 
UTI in diabetic patients. Elevated renal parenchymal glucose levels create a positive environ- 
ment for the growth and multiplication of microorganisms, which is one of the precipitating 
factors of pyelonephritis and renal problem such as emphysematous pyelonephritis. Several 
problems in the immune system, including humoral, cellular, and innate immunity, may help 
in the pathogenesis of UTI in diabetic patients [12-14]. Lower urinary interleukin-6 and inter- 
leukin-8 levels were found in diabetic patients with UTI. An outline of process involved in 
pathogenesis of urinary tract infection in diabetic patients is mentioned in Figure 1. 


Some suggested host related mechanisms include [15]: 
i. Presence of glycosuria 
ii. Increased adherence to uroepithelial cells 


iii. Immune dysfunction 
5.1. Presence of glycosuria 


The presence of glycosuria is responsible for the growth of different microbial strains. Among all 
E. coli is the major cause for the condition of UTI [15]. The bacteria isolated from diabetic patients 
with a UTI are similar to the bacteria found in nondiabetic patients with a complicated UTI. As 
in uncomplicated UTIs, E. coli causes the majority of infections. For example, one study reported 
E. coli to be the causative uropathogen in 47% of the UTIs in diabetic patients and in 68% of the 
UTIs in nondiabetic patients. Non-E. coli uropathogens found in patients with diabetes, include 
Enterobacter spp., Klebsiella spp., Proteus spp., Group B Streptococci, and Enterococcus faecalis [16]. 


Geerlings et al. [17] in their study reported that urine samples with glucose concentrations 
between 100 and 1000 mg/dL, which comes in the range of moderate to severe glucosuria, 
were responsible for enhanced bacterial growth after 6 h, compared with normal urine. 


E. coli gain access to the urinary tract by the mechanism which reflects an exceptional ability to 
adapt to an environment very different from the gut. They need to alter their metabolism [18], 
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Figure 1. Process involved in pathogenesis of UTI in patients with diabetes. 
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ascend against the flow of urine, and adhere to the epithelial layer. E. coli that successfully invade 
the urinary tract harbor a specific factor that enables them to survive. These strains of E. coli are 
commonly named uropathogenic E. coli (UPEC). Flagellae are thread-like structures which pro- 
vide E. coli with the ability to move. It has been found to bind to TLR5 [19] and is of importance 
for the immune response to E. coli in UTI in mice [20]. A critical step for UPEC is adhesion to 
avoid being washed out with the urine and the first step in a series of events leading to infection. 
The type-1 fimbriae are adhesion factors studied in great detail and are critical for adhesion and 
invasion of UPEC into bladder cells [21, 22]. They are equipped with a protein on the tip called 
FimH, which is responsible for the interaction with the host cell [23]. It binds to several struc- 
tures on uroepithelial cells, the most important being uroplakin IA that coats the facet cells of the 
bladder [24]. They also bind to B-integrin, which triggers cytoskeleton rearrangement leading to 
bacterial internalization [25]. In renal epithelial cells, complement factor 3, which is secreted by 
epithelial cells during infection, can link with type 1 fimbriae to form a complex that interacts 
with CD46 to promote internalization. Other fimbriae like P fimbriae are connected with kidney 
infection, since they bind to glycosphingolipids on kidney epithelial cells [26]. 


Flagella provide the bacteria with mobility and may interact with the superficial bladder cell 
through TLRS. Further adhesion is provided by type 1 fimbriae binding to uroplakin 1A or 
B1-integrin, which also promote internalization into the cell. Complement secreted upon bac- 
terial infection binds to the bacteria and promotes interaction with the bladder through CD46. 
In the kidney, P fimbriae of the bacteria bind to glycosphingolipids on the surface of renal 
epithelial cells. Bacterial invasion is further promoted by TLR4 and TLRS. 


5.2. Increased adherence to uroepithelial cells 


The uroepithelium is having a very important property of flexibility by which it will allow fill- 
ing and emptying of the bladder and at the same time impermeable to fluid and able to cope 
with the varying pH, osmolality, and toxicity, for example, high ammonium concentration. 
It is composed of different layers of cells with the umbrella or facet cells lining the lumen are 
multinuclear, large cells with uroplakin facing the urine. Uroplakins are proteins contributing 
to the impermeability of the epithelium but can also act as a receptor for type 1 fimbriae on 
the uropathogenic E. coli [27]. 


The important step in the pathogenesis of UTIs is the adherence of uropathogens to the bladder 
mucosa. Therefore, adhesins (fimbriae) are important virulence factors. Although virulence 
factors have been distinguished best in E. coli (the most common uropathogen), many same 
principles may be applicable to other Gram-negative uropathogens, for example, Klebsiellae. 
Type 1 fimbriae mediate the adherence of glycoprotein receptors (uroplakins) on the uroepi- 
thelial cells to E. coli, whereas P fimbriae bind to glycolipid receptors in the kidney [25]. 


5.3. Immune dysfunction 


It is observed that hyperglycemic environment alters immune function in patients with dia- 
betes. Several aspects of immunity may be affected, including polymorphonuclear leukocyte 
function and adhesion, phagocytosis, and chemotaxis. This may play a part in the patho- 
genesis of urinary tract infections in patients with diabetes. Lower urinary concentrations of 
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interleukin-8 and interleukin-6 in women suffering from diabetes have been shown to corre- 
late with a lower urinary WBCs count that may contribute to the increased incidence of UTIs 
in this patient group [28]. 


If UPEC comes in contact with the epithelium, within minutes, the antimicrobial peptide 
cathelicidin is secreted and acts on the bacteria. Within hours, cytokines and chemokines are 
produced and their signaling will start to fix professional immune cells to the site of infection. 
The bacteria on the other hand will try to circumvent the immune defense in different ways. 
One is to enter the cell cytoplasm and form intracellular bacterial communities (IBCs) in order 
to “hide” from the immune response [29]; another is to down regulate the immune response 
with different modes of signaling. Depending on the number of bacteria, the host status, and 
the virulence factors they carry, the bacteria will either survive in the urinary tract or be 
eliminated and washed out with the urine [29]. 


If this first line of defense against pathogens entering the urinary tract fails, an inflammatory 
response is initiated. Attachment to the bladder uroepithelial cells by bacterial fimbriae allows 
for close contact between host and pathogen. Trans-membrane signaling through TLRs leads 
to the production of inflammatory mediators such as chemokines with subsequent recruit- 
ment of professional immune cells to the infectious focus. Chemokine IL-8 is required for 
neutrophil recruitment and activation in the urinary tract [30]. 


When the inflammatory response subsides, bacteria may still be left in the bladder epithe- 
lium. Bacteria that form IBCs can escape the different steps in host defense and treatment 
with antibiotics will be less efficient because of poor antibiotic penetration into the IBCs. From 
the IBC, bacteria can be expelled from the cells by a TLR4 mediated mechanism or in mature 
IBCs, and bacteria form filamentous structures and then separate from the cell to colonize 
adjacent cells. The cells may also be exfoliated, allowing the underlying immature cells to be 
exposed to further UPEC invasion. Here, they can turn into quiescent intracellular reservoirs 
(QIRs) for weeks, only to re-emerge to cause recurrent infections. Pyelonephritis may develop 
if the bacteria ascend further in the urinary tract. In the kidney, bacteria may cause damage of 
tissue and reach the blood circulation, causing septicemia, commonly called urosepsis. This 
increases the mortality from 0.3% in pyelonephritis to 7.5-30% in urosepsis [31]. 


6. Classification of urinary tract infection 


UTIs are classified based on laboratory data, clinical symptoms, and microbiological findings. 
Practically, UTIs have been divided into uncomplicated and complicated UTIs and sepsis. 
The present guidelines give an outline of a tentative improved system of classification of 
UTI based on various factors as follows: (Guidelines on Urological Infections by European 
Association of Urology) 


i. Classification based on grade of severity of infections and symptoms 
ii. Classification based on underlying risk factors 


iii. Classification based on anatomical level of infection 
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iv. Classification based on microbiological findings 


v. Classification based on complications 


7. Diagnosis of urinary tract infection in diabetics 


Upper and lower UTI can be suspected in diabetic patients with most common symptoms. 
Symptoms vary in upper and lower UTI. Table 1 highlights the symptomatic difference 
between upper and lower UTI. 


Diagnosis of urinary tract infection can be done by following methods. 


e Examination of midstream urine specimen: After the symptomatic identification, a mid- 
stream urine sample should be examined for the presence of WBCs, as pyuria is present in 
almost all cases of UTI. 


e Pyuria detection: Pyuria can be detected either by microscopic examination (defined as >10 
leukocytes/mm*) or by dipstick leukocyte esterase test (sensitivity of 75-96% and specific- 
ity of 94-98%). 


e Colonization: An absence of pyuria on microscopic assessment can suggest colonization, 
instead of infection, when there is bacteriuria [32]. 


e Microscopic examination: Allows for visualizing bacteria in urine. 
e Dipstick: Tests for the presence of urinary nitrite. 
o Positive test: Indicates the presence of bacteria in urine. 


o Negative test: is the product of low count bacteriuria or bacterial species that lack the 
ability to reduce nitrate to nitrite (mostly Gram-positive bacteria). 


e Urine culture: Should be done in all cases of suspected UTI in diabetic patients, prior to 
initiation of treatment (preferred method of obtaining a urine sample for culture is from 
voided, clean-catch, and midstream urine) [33]. 


7.1. Diagnosis of UTI in women patients 


All women with recurrent UTI should undergo a physical examination to evaluate urogenital 
anatomy and vaginal tissues estrogenization. Postvoid residual urine volume also should 


Table 1. Symptomatic difference between upper and lower UTI. 
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be measured. Diabetes screening is indicated in patients with other risk factors like family 
history and obesity. Most women do not need extensive urologic investigations. However, 
women who suffer infection with organisms which is not common causes of UTI, such as 
Proteus, Klebsiella, Enterobacter, and Pseudomonas, may have structural abnormalities or renal 
calculi. They would benefit from imaging studies of the upper urinary tract and cystoscopy. 
Women who have persistent hematuria after recovery of their infection also require a com- 
plete urologic workup. Although empirical therapy based on symptoms is generally accurate 
and cost-effective, women who are thought to be in the early stages of a problem with recur- 
rent UTI should have documented cultures. Urine culture serves as the gold standard for 
diagnostic accuracy. The standard definition of a UTI on culture is >100,000 colony forming 
units per HPF. This value has excellent specificity but a sensitivity of only 50% [34]. 


8. Complications of urinary tract infection in diabetics 


Emphysematous pyelonephritis (EPN) is a severe and necrotizing form of multifocal bacterial 
nephritis along with gas formation within parenchyma of the kidney. So far, more than 200 
cases have been reported in literature. Underlying poorly controlled diabetes mellitus is pres- 
ent in up to 90% of affected patients [28]. 


The commonest offending organisms are Klebsiella and Escherichia coli followed by Proteus. 
The clinical manifestations are nonspecific and not different from the classic triad of upper 
UTI (i.e., fever, flank pain and pyuria); due to this, the diagnosis of EPN is often delayed. 
Disseminated intravascular coagulopathy, acute respiratory distress syndrome, disturbance 
of consciousness, acute renal failure, and shock can reveal some severe forms. Diabetic keto- 
acidosis is a very uncommon presentation, and only few cases have been reported so far. 


EPN needs a radiological diagnosis. Conventional radiography may indicate gas bubbles over- 
lying the renal fossa. Ultrasonography (US) characteristically shows an enlarged kidney that 
contains high amplitude echoes within the renal parenchyma. Computed tomography (CT) is 
the imaging procedure of choice, which confirms the presence and extent of parenchymal gas. 


9. Pathogens of UTI in diabetes 


A descriptive, cross sectional study was conducted on UTI and antibiotic sensitivity pattern 
among diabetic patients in National Academy of Medical Sciences (NAMS), Mahabouddha, 
Kathmandu, Nepal. According to this study, E. coli is the most common organism followed by 
Klebsiella, Proteus, and Pseudomonas. Most of the urinary isolates were sensitive to Ceftriaxone, 
Ciprofloxacin, and Cotrimoxazole, whereas resistance was high for ampicillin [35]. 


A study was conducted to find out the prevalence of UTI in diabetic patients. A total of 
1470 diabetic patients (847 women and 623 men) were included in the study, admitted to 
the Diabetes Clinic of the Emergency Clinical County Hospital Timisoara between January 
and December 2012. According to this study, 10.7% in overall population had positive urine 
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Table 2. Pathogens of UTI in diabetes. 


cultures. In this population, almost 78% of patients were having asymptomatic bacteriuria. 
The most frequent bacteria involved in UTI are Escherichia coli (68.9%) [9]. 


About 10.5% of type 2 and 12.8% of type 1 diabetic patients had UTI. There is no significant 
difference between type 1 and type 2 diabetes (p = 0.45); 4.5% of men and 15.3% of women 
developed UTI, an extremely significant difference (p < 0.0001) 


Chita et al. concluded that urinary tract infections are more prevalent in diabetic patients. 
Because of the high proportion of asymptomatic forms among diabetic patients, the urine 
culture should be done in all hospitalized patients with diabetes. 


The pathogens involved in causing urinary tract infection in diabetic patients and their fre- 
quency are mentioned in Table 2. 


10. Management of urinary tract infections in diabetics 


Generally, treatment of UTI is similar in both diabetic patients and nondiabetic patients [5]; 
however, the choice of antibiotics in UTI patients with diabetes is one of the important consid- 
erations in the therapeutic management. Possible drug interactions between antimicrobials 
and antidiabetics or certain antibiotics may lead to impaired glucose homeostasis. 


UTI treatment in diabetes patients depends on various factors including [5]; 


e Presence of symptoms 

e Presence of infection in the bladder (lower UTI) or also involves the kidney (upper UTI) 

e Presence of urologic abnormalities 

e Severity of systemic symptoms 

e Occur with metabolic alterations and renal function 

Moreover, UTI treatment varies based on patient's age, sex, infecting agent, underlying dis- 


ease, and whether there is lower or upper urinary tract involvement. Several clinical trials 
revealed that increasing trends of resistance to many antimicrobials with the increasing trend 
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of antibiotic resistance in E. coli, with limited therapeutic options, the management of urinary 
tract infections is likely to become complicated. 


10.1. Treatment recommendations for UTI in diabetes according to Infectious 
Diseases Society of America (IDSA) 


10.1.1. Acute cystitis management in patients with type II diabetes 


Acute cystitis treatment should be tailored according to culture results, if obtained. Apart 
from proper glucose control, one of the following UTI treatments is mandatory for acute cys- 
titis management [36]. First line treatment management: Nitrofurantoin 100 mg three times 
daily for 5 days or fosfomycin trometamol 3 g single dose, or trimethoprim-sulfamethoxazole 
960 mg twice daily for 3 days (can be used empirically only if resistance prevalence is known 
to be less than 20% and medication was not used in previous 3 months). Second line manage- 
ment: Quinolones and f-lactams. 


10.1.2. Pyelonephritis management in patients with type II diabetes 


Hospitalization should be done for the patients with severe symptoms for initial intravenous anti- 
biotic therapy [5, 36]. Empiric antibiotics treatment: broad-spectrum cephalosporins, aminoglyco- 
sides, fluoroquinolones, piperacillin-tazobactam, or carbapenems should be started [37]. Severe 
sepsis presenting patients or those known to harbor-resistant uropathogens or the patients who 
have received multiple antibiotic courses should receive broad-spectrum coverage, guided by 
current urinary culture report. Treatment should be tailored when culture reports are available. 


11. Antimicrobial agents 


There are several types of antimicrobial agents such as antibiotics, antifungals, antivirals, 
antimalarials, and anthelmintics. Likewise, there are several types of microorganisms such 
as bacteria, fungi, viruses, and parasites. Microorganisms are responsible for various infec- 
tious diseases and sometimes leading to death. Antimicrobial agents play an essential role in 
decreasing morbidity and mortality associated with infections. Antimicrobial agents increased 
the life expectancy and quality of life. Different antimicrobial agents and their mechanism of 
action are mentioned in Table 3. 


11.1. Benefits of antimicrobial agents 


e Prevent and treat infection 

e Increased the expected life spans of human being 

e Prevent or treat infection after surgery (C section, organ transplants, joint replacements, etc.) 
e Prevent or treat infection at the time of chemotherapy treatments 


e Antimicrobial drugs decrease the morbidity and mortality caused by food-borne, water- 
borne, and other poverty-related infections 


55 


56 Microbiology of Urinary Tract Infections - Microbial Agents and Predisposing Factors 


Antimicrobial agents Effect on bacteria Mechanism 

Penicillins, cephalosporins, carbapenems, polypeptide Bactericidal Inhibition of cell wall synthesis 
antibiotics 

Lincosamides, aminoglycosides, macrolides, Bacteriostatic Inhibition of protein synthesis 
tetracyclines, chloramphenicol 

Quinolones, metronidazole Bactericidal Inhibits DNA synthesis 
Rifamycins Bactericidal Inhibitions of RNA transcription 
Sulfonamides Bacteriostatic Competitive inhibition 


Table 3. Different antimicrobial agents and its mechanism of action. 


12. Antimicrobial resistance 


Resistance to antibiotics and other types of antimicrobial agents is growing and represents 
the single greatest challenge in the treatment of infectious diseases today. According to WHO, 
“AMR occurs when microorganisms change when they are exposed to antibiotic and antimi- 
crobial drugs.” Due to anti microbial resistance, antimicrobial agents turning ineffective and 
infections persist in the body, increasing the risk of spread to others. AMR affects the effective 
prevention, and treatment of infections caused by bacteria, parasites, viruses, and fungi. WHO 
says that AMR is a growing and alarming threat to global public health that requires lot of 
action from the government. Moreover, people should get a lot of awareness message regarding 
antimicrobial resistance. An antimicrobial resistance developing microorganisms are sometimes 
called as “superbugs” [38]. 


As per WHO cost analysis data, health care cost of resistant infections is higher than nonre- 
sistant infections because of 

e Longer duration of illness 

e Additional tests 

e Use of more expensive drugs 


Global WHO statistics says that a total of 480,000 people develop multidrug resistant TB each 
year, and drug resistance is starting complication in treatment of HIV and malaria as well. 


12.1. Emergence of drug-resistant bacteria 


Emergence of penicillinase-producing Staphylococcus aureus and emergence and spread of 
multidrug-resistant S. aureus in the early 1960s, emergence of MRSA in 1961, emergence 
of PISP in 1967, emergence of penicillinase-producing H. influenzae in 1974, emergence of 
PRSP in 1977, emergence of BLNAR H. influenzae in 1980, emergence of ESBL-producing 
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Gram-negative bacilli in 1983, emergence of VRE in 1986, increased infections with MRSA, 
PRSP, BLNAR, etc. and increase of resistant gonococci in 1990s, increase of MDRP, and increase 
of quinolone-resistant E. coli in 2000s are the emergence of drug resistance bacteria. 


Major reasons for increasing antimicrobial resistance: 


e Ineffective infection-control practices 

e Noncompliance with infection-control practices 

e Using sub-optimal dose of antibiotics for prophylaxis and treatment of infection 
e Multiple comorbidities in hospitalized patients 

e Prolonged hospitalization 

e Increased number and duration of intensive care unit stays 

e Colonized patients transfer from hospital to hospital 


e Grouping of colonized patients in long-term-care facilities 
Major mechanisms for acquired antimicrobial resistance: 


e Enzyme that degrades the antimicrobial agent 
e Enzyme that alters the antimicrobial agent 
e Mutation in the antimicrobial agent’s target which reduces the antimicrobial agent binding. 


e Posttranslational or posttranscriptional modification of the antimicrobial agent’s target, 
which reduces binding of the antimicrobial agent 


e Reduced uptake of the antimicrobial agent 
e Active efflux of the antimicrobial agent 


e Antimicrobial agent target overproduction 


13. Conclusion 


Urinary tract infections are more common in the diabetic patients. Diabetic patients are 
severely affected with urinary tract infection. Treatment of UTI without proper diagnosis may 
lead to antimicrobial drug resistance. Treatment with antimicrobial agents should be started 
on the basis of culture reports. Only bacteriuria with symptoms of UTI should be treated with 
antibiotics to avoid the spread of drug resistant pathogens in the society. This practice can 
reduce the morbidity and mortality in diabetic patients suffering from urinary tract infection. 
The multidrug resistant pathogens are a challenge to society. 
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Chapter 5 


Urinary Tract Infections in Neuro-Patients 


Charalampos Konstantinidis and 
Achilleas Karafotias 


Abstract 


The majority of neurological diseases may have an impact on lower urinary tract func- 
tion. High intravesical pressure, post-void residual and incontinence are the main con- 
sequences of this dysfunction. All the mentioned conditions are inductive factors for 
urinary tract infections (UTIs). In addition, the potential complications of neurogenic 
urinary disorders (reflux, stone formation, incomplete emptying of the bladder), and 
the methods of urine drainage (intermittent or indwelling catheters, urinary diversion) 
contribute even more to UTIs. In neuro-patients, all UTIs are considered as complicated 
ones and there is a different microbiology as compared to the general population. In this 
chapter, inductive factors for UTIs in neuro-patients will be analyzed and the potential 
solutions will be exposed. There is a special mention in asymptomatic bacteriuria, which 
is correlated to neurogenic urinary dysfunction and it is clinically total different from 
UTL Asymptomatic bacteriuria should not be treated as the treatment has a negative final 
outcome for the patient. 


Keywords: neurogenic low urinary tract dysfunction, UTIs 


1. Introduction 


The normal functioning of the urinary system is closely related to the functional integrity of 
the central nervous system (CNS). Neuro-urological symptoms may be caused by a variety 
of diseases and events affecting the nervous system controlling the lower urinary tract (LUT). 
The resulting neuro-urological symptoms depend predominantly on the location and the 
extent of the neurological lesion. There are no exact figures on the overall prevalence of neuro- 
urological disorders in the general population, but data are available on the prevalence of the 
underlying conditions and the relative risk of these for the development of neuro-urological 
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symptoms. The majority of the data show a very wide range of prevalence/incidence. This 
reflects the variability in the cohort (e.g. early or late stage disease) and the frequently small 
sample sizes, resulting in a low level of evidence in most published data. Spinal cord injury 
patients may be the most studied group among neurogenic patients. 


Spinal cord injury (SCI) is a damage to the spinal cord from traumatic or nontraumatic etiol- 
ogy, as defined by the International Spinal Cord Society (ISCoS) [1]. It is difficult to accurately 
calculate the worldwide prevalence and incidence of SCI due to the lack of standardized meth- 
ods of assessment across regions and limited information in the data collected. The incidence 
varies from 12 to more than 65 cases/million per year. Data from Olmsted County, Minnesota, 
United States, from 1975 to 1981, showed an age- and sex-adjusted incidence rate of 71 spinal 
cord injuries/million [2]. The annual incidence of SCI reported for the year 1991 was around 
30.0-32.1 persons/million population in the United States, meaning 7500 and 8000 new cases 
per year at that time [3]. In 2016, the estimated annual incidence of SCI was approximately 
54 cases/million population or 17,000 new SCI cases each year [4]. The annual incidence var- 
ies widely by country. From 27 per million persons in Japan, 8-13.4 in Switzerland, 12.7 in 
France, and 16.7 in South Africa [5]. A systematic review in 2010 by Van den Berg et al. showed 
up to threefold variation in incidence rates between developed countries. The highest rates 
reported in Canada and Portugal. Most traumatic SCI studies show a bimodal age distribu- 
tion. The first peak was found in young men between 15 and 29 years of age and the second 
peak in older adults (mostly 265 years old and women) [6]. The National Spinal Cord Injury 
Statistical Center at the University of Alabama at Birmingham reported approximately 12,000 
new cases each year, with 4:1 male-to-female ratio. The average age at injury was 40 years. 
The most common injury was incomplete tetraplegia at 30%, followed by 25.6% for complete 
paraplegia, 20.4% for complete tetraplegia, and 18.5% for incomplete paraplegia. In the past, 
the leading cause of death among SCI patients was the renal failure while nowadays, is pneu- 
monia, pulmonary emboli, and septicemia supersede renal failure. SCI patients seem to have 
a higher prevalence of several comorbidities than the general population. It is reported high 
blood pressure (49% vs. 26%, respectively), high cholesterol (47% vs. 30%), and diabetes (19% 
vs. 7%). Obesity is also a significant problem for individuals with SCI (25%). 


Spinal cord injury (SCI) patients clinically face urinary incontinence during the bladder filling 
phase and incomplete emptying during the micturition phase. The main aggravating factors 
are the increased intravesical pressure and the residual urine. These may result in vesicoure- 
teral reflux, bladder diverticula, and urinary stones formation. These conditions also lead to 
an increased risk of urinary tract infection (UTI) [7, 8]. Despite improved treatment methods, 
UTI is considered the second leading cause of death in SCI patients [9]. It is known that UTIs 
are the most common hospital infections with known repercussions for the patient and the 
national economy. Approximately 5-10% of patients admitted to hospital are infected dur- 
ing their hospitalization and UTIs account for the highest (40-50%) [10, 11]. In addition, SCI 
patients usually have asymptomatic bacteriuria. In this way, positive urine culture is not the 
foundation stone for the diagnosis of urinary tract infection. The clinical signs and symp- 
toms of urinary tract infection are differentiated in these individuals as the neural sensation is 
affected or absent. The review of the following literature aims to highlight the specificities of 
urinary tract infections in people with SCI or other neurogenic conditions in order to prevent 
and treat the infections and recognize asymptomatic bacteriuria without treatment necessity. 
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The physiological function of the lower urinary tract is characterized by the central control of 
the urinary reflexes (inhibition or removal of reflex inhibition) from the upper cortical centers 
of the cortex. Urine concentration within the bladder results in an increase in intravesical 
pressure that causes stimulation of the thoracic-lymphatic sympathetic center (T10-L2) via 
transient and adductor nerve fibers. Adjacent nerve fibers transfer the stimulus to the breech 
centers of urination and from there to the upper centers of the cerebral cortex. Then, if there 
is no central depression, the urinary reflex is manifested through the contraction of the detru- 
sor resulting in the sympathetic nerves. However, if urination is undesirable, this reflex is 
inhibited as cationic signals inhibit sympathetic stimulation at the level of the thoracic-lumbar 
sympathetic center and increase the muscular tone of the external sphincter by suture from 
the pelvic neural mesh formed by the S2-S4 level. From the above, it is clear that any damage 
at any level of SC results in disorders of lower urinary function. These disorders vary accord- 
ing to level [11, 12], the degree (complete or incomplete) [13] and the extent of the damage. 


2. Associated risk factors 


2.1. Increased intravesical pressures 


Neurogenic urinary tract dysfunction characterized by increased intravesical pressures and/ 
or urine residual [14]. These patients have decreased microorganism removal capacity [15]. 
Both incomplete emptying of the bladder [16] and high intravesical pressure [17, 18] are 
accompanied by an increased risk of UTI. Patients who have been using Credé maneuver for 
a long time to empty their bladder have had severe complications in the upper urinary tract 
(82% pyuria, 60% ureter dilation, 35% hydronephrosis, and 16% renal failure). Men appeared 
more susceptible to upper urinary tract damage than to women [19]. According to Esclarin 
De Ruz et al [20] in patients with SCI with detrusor overactivity, the coexistence of detrusor- 
sphincter dyssynergia duplicates the risk of urinary tract infections. 


2.2. Vesicoureteral reflux 


Under normal circumstances, the ureterovesical junction allows urine to enter the bladder but 
prevents urine from regurgitating into the ureter and the kidney. This results in the kidney being 
protected from high pressure in the bladder and from contamination by vesical bacteria. In this 
way, vesicoureteral reflux is considered to be an important factor in urinary tract infection [20]. It 
occurs in 10% of patients over 4 years of SCI [21]. Although the reflux is the result of high intravesi- 
cal pressure, it must be controlled by another neurological mechanism since patients with a T10- 
L2 lesion exhibit more regressive effects than patients who have a level of damage above or below 
this level [22]. The damage at this level is probably related to the ureteral peristaltic mechanisms. 


2.3. Intermittent catheterization 


Intermittent catheterization (IC) during the recovery period appears to reduce the rate 
of urinary tract infections and substantially eliminate many of the complications associ- 
ated with the use of an indwelling catheter [23, 24]. However, IC may also present certain 
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complications, such as traumatic urethral injury (immediate) or urethral restenosis and 
recurrent epididymitis (late). In one study, SCI patients, using pure intermittent catheteriza- 
tion for more than 5 years, showed urine stasis at 19% and epididymitis at 28.5% [23]. The 
appearance of the above complications appears to be increased according to the number 
of years of pure IC performed [23]. Research supports the use of sterile IC technique in the 
acute phase of the neurogenic bladder [25] and agrees with a study in which few cases of 
bacteriuria and urinary tract infection were observed using sterile intermittent catheteriza- 
tion as compared to using a non-sterile procedure [26]. On the other hand, Shekelle et al. 
reported contradictory results in the value of sterile techniques or techniques without 
direct catheter contact compared to pure intermittent catheterization, as there is insuffi- 
cient evidence of risk associated with psychological, behavioral and hygienic factors [27]. 
Hydrophilic catheters for clean intermittent catheterization are associated with lower rates 
of long-term complications (urethral stenosis) and may cause a lower degree of bacteriuria 
[28]. Another type of catheter, with an insertion sheath, which bypasses the first 1.5 cm of 
the urethra, appears to reduce the incidence of urinary tract infections in hospitalized men 
with SC damage [29]. 


2.4. Permanent indwelling catheters 


Permanent indwelling catheters are the greatest risk factor for complicated UTIs [30]. They 
are responsible for most in-hospital UTIs, 3-10% per day and with 100% bacteriuria in their 
long-term use [31]. Silver-coated catheters are more effective in preventing urinary tract 
infections in patients who require short-term catheterization and reduce the incidence of 
symptomatic urinary tract infection and bacteriemia compared to simple catheters [32, 33]. 
For short-term catheters not exceeding 2-3 weeks, the use of nitrofurazone, minocycline, and 
rifampin-impeded catheters reduce the risk of urinary tract infection [34, 35] due to antibiotic 
overlap. 


2.5. Suprapubic catheters 


The use of a permanent suprapubic catheter is an effective way of draining the bladder in SCI 
patients with a low rate of urinary tract infection [36, 37]. Suprapubic catheterization may 
be an alternative drainage method for female patients who cannot perform self-IC [38]. The 
disadvantage is the continuous presence of the catheter (foreign material) within the bladder 
associated with the formation of urinary lithiasis as compared to intermittent catheterization 
at rates of 9 and 4%, respectively, over a period of more than 9 years [39]. On the other hand, 
this chronic irritation from the catheter is accompanied by an increased incidence of blad- 
der cancer as compared to intermittent catheterization [40]. Nomura et al. [41] reported that 
25% of patients with long-term use of suprapubic catheter showed bladder stone formation, 
which was accompanied by a 7.24 urine pH. Suprapubic drainage in patients with neurogenic 
urinary disorders is preferred (against urethral catheterization) as it appears to reduce the 
risk of urethritis, orchiepididymitis, testicular abscess and urethral erosion as compared to 
permanent catheterization [42]. 
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2.6. Condom catheter drainage 


Condom catheters are used in male patients to manage incontinence but not bladder empty- 
ing. Their application is accompanied by the same degree of urinary tract infection as in the 
use of intermittent catheterization. However, condom catheters do not ensure complete blad- 
der drainage and can (in cases of poor application) be considered a cause of occlusion [43]. It 
is recommended that the condom catheter is applied daily, although no increase in infections 
has been reported in non-daily applications [44]. In addition, although condom catheters are 
external, they appear to be related to colonization of the urethra by pathogenic microbes. They 
are accompanied by Pseudomonas [45] and Klebsiella [46] infections due to the colonization 
of the regions of the urethra, perineum, penis, and rectum by the above microorganisms. In 
addition, the urine trap is a very good reservoir of microorganisms. In male patients using 
condom catheter, urine culture was 73% positive for Pseudomonas, although the degree of 
bacteriuria was much lower [47, 48]. Also, the colonization of the urethra with Pseudomonas 
is combined with the presence of the condom catheter [49]. From the above, it can be seen that 
the chronic use of a condom catheter drainage and urine collector predisposes to the coloniza- 
tion of the patient and the upward introduction of microorganisms into the anterior urethra. 


2.7. Biofilm (biomembranes) 


According to their initial description, microorganisms are referred to as non-adherent “plank- 
tonic” cells [50] based on their developmental characteristics in enriched liquids and solids. 
Today, it is now known that bacteria in their natural environment are typically attached to 
some biological or non-surface area. It is also known that adhering microorganisms under 
suitable conditions form complex structures, biofilms (bio-membranes). These structures 
are formed as the microorganisms are surrounded by an extracellular exopolysaccharide 
(EPS) layer which themselves produce [50, 51]. Bacteria are the best-studied microorganisms 
regarding surface colonization and subsequent biofilm formation. 


Fungi, protozoa, viruses, and algae have also been isolated from corresponding extracellular 
material in direct contact with organic or inorganic surfaces [52]. Stable microbial attach- 
ment to the underlying surfaces and the formation of biofilms creates significant and often 
insoluble problems both in the medical community and in the industry [53]. Staphylococcus 
aureus, Staphylococcus epidermidis, Enterococcus faecalis and Pseudomonas aeruginosa often colo- 
nize implanted medical devices [54] (such as pacemakers, intravenous catheters, urinary cath- 
eters, prosthetic implants, and heart valves) as well as pathological tissue structures (such as 
respiratory epithelium in patients with cystic fibrosis or cystic fibrosis mucosal in patients 
with neurogenic bladder) and create biofilms, thus causing chronic and often resistant to 
treatment infections. 


Bacterial biomembranes are observed in 73% [55] patients with SCI using IC, and no relation- 
ship has been found between the presence of bio-membrane and symptoms [56]. However, 
the presence of at least 20 bacterial adherence in each bladder cell appears to be related to the 
symptomatology of the infection [57]. Bacterial cells are detached individually or in groups 
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from the upper layers of the biofilm circulating in the fluid medium, urine in this case, and 
attempting to adhere to a new substrate which is more conducive to their growth. These 
detachable bacteria can cause systemic infection [53, 58]. 


3. Clinical symptoms 


The specificity of individuals with SCI is that asymptomatic bacteriuria is usually present and 
the sensory disorder results in the lack of a clear symptom of urinary tract infection. The clini- 
cian should carefully evaluate the patient to decide whether a positive urine culture reveals 
infection or is an asymptomatic bacteriuria. Additionally, fever should not be attributed to 
urinary tract infection if the only positive point is bacteriuria unless other possible causes of 
fever are excluded. Approximately 45% of feverish conditions in these patients are thought 
to be due to urinary tract infections [59]. Other causes are respiratory infections as well as 
thromboembolic events. The septic condition in quadriplegic patients may also occur as hypo- 
thermia [60]. Approximately 10% of febrile episodes may be the result of a temperature control 
malfunction and not an infection [61]. The coexistence of elevated CRP and routine serum 
test values should be considered. UTI is accompanied by a specimen of urine blisters with 
microbes above 10° CFU/ml, and symptoms such as fever, back pain in the lumbar region 
of the kidney, upper urinary tract infection, and if the patient has a sensation at this level, 
urinary urgency and increased spasticity. A characteristic symptom is the reduction of cystic 
functional capacity and the aggravation of overactive bladder syndrome, in the case of a neu- 
rogenic overactive detrusor, or the discontinuation of response to previously well-regulated 
treatment for increased extravasation activity. The incidence of urinary tract infections in SCI 
patients is 2.5 episodes per patient per year. Bacteremia and sepsis occur in 1% of SCI patients 
[62]. The urinary system is considered to be the most common source of bacteremia [62, 63]. 
Bacteremia in SCI patients is accompanied by 90% fever, 17% hypotension, and death rate of 
about 15%. [62, 63]. Approximately 20-25% of episodes are characterized by polymicrobial 
infections. Bacteriemia is more common in quadriplegic patients and in patients with com- 
plete SCI [64]. Urogenital tube manipulations are considered as risk factors for bacteremia [65]. 


4. Microbiology—urine culture 


Urinary tract colonization often follows colonization of the urogenital tract, perineum or ure- 
thra with enteropathogenic microorganisms [66, 67]. In a study of 15 adult men with SCI and 
other neurogenic urinary dysfunctions, the normal flora of the perineum, penis and urethra 
regions was compared with the flora of 10 control men without neurogenic urinary disor- 
ders [68]. The predominant microorganisms with respect to the control group were Gram- 
positive granules and diphtheroids. In the individuals with the neurogenic urinary disorder, 
the microorganisms isolated from the skin flora include species such as Enterobacteriaceae, 
Pseudomonas, Acinetobacter, and Enterococcus [68]. In addition, other studies of individu- 
als with SCI as compared to non-injured patients, the presence of E.coli microorganisms 
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and Klebsiella spp. are less, and have a higher frequency of infections than Pseudomonas, 
Proteus, and Serratia. Esclarin De Ruz et al. [20] reported that E. coli, 36% enterobacteria, 15% 
Pseudomonas aeruginosa, 15% Acinetobacter spp., 12% Enterococcus, 6% other microorganisms, 
and 26% multiple strains were isolated in 45%. In another study in 43 of 50 individuals with 
SCI, the same types of microorganisms as those from various areas of the skin, including 
perineal, peripubic, and perinatal regions, were isolated in urine [69]. In 50% of the cases, 
the same microorganism was isolated from the anterior urethra and from the bladder [70]. 
Also, the catheter insertion mode is also considered to be significant, which appears to cause 
an increase of approximately 10 times the number of bladder colonies [70]. The above results 
demonstrate the important role of bacterial colonization of the skin and urethra as a source of 
vaccination, through the catheters, of the bladder with microorganisms. 


When a UTI is suspected, it is important that the urine specimen is obtained in an appropriate 
manner in order to prevent contamination and a potential false-positive result. For patients 
with indwelling catheters (either the urethral catheter or suprapubic), the indwelling catheter 
should be changed to a new catheter, and the specimen should be obtained from the new 
catheter after capping the catheter for a few minutes to allow a small amount of urine to col- 
lect in the bladder. The urine specimen should then be collected by uncapping the catheter. 
For patients with external catheters or those who perform IC, the specimen should be col- 
lected by catheterization with a new sterile catheter. 


5. Pyuria 


The significance of pyuria in neurogenic patients in combination with the use of intermittent 
catheterization or permanent catheter is often difficult to assess. Changing the Foley catheter 
in symptomatic patients causes an increase in the leucocytes without affecting the microbial 
strain or the number of colonies [71]. Positive urine culture (10° CFU/ml colonies), with the 
presence of >50 leucocytes per field of vision, is associated with an increased risk of fever. In 
addition, Gram-positive microorganisms such as Staphylococcus epidermidis and Streptococcus 
faecalis are accompanied by a small number of leukocytes despite the occurrence of a large 
number of colonies, while Gram-negative microorganisms are accompanied by significant 
pyuria [72]. According to the above significant pyuria is associated with the presence of cath- 
eters, infection with Gram-negative microorganisms, as well as bacterial tissue filtration. 


6. Bacteriuria 


Comparative studies are difficult to perform in these patient groups due to different defini- 
tions of bacteriuria and urinary tract infection, different urinary tract drainage methods, as 
well as the severity of acute, subacute, chronic, or total and partial lesions. In 1992, according 
to the National Institute on Disability Rehabilitation Research, severe bacteriuria is defined 
as the number of colony counts of 10? CFU uropathogenic micro granules per ml of urine in 
samples taken by catheterization, 10* CFU/ml urine samples under pure micturition and any 


67 


68 Microbiology of Urinary Tract Infections - Microbial Agents and Predisposing Factors 


detectable uropathogenic concentration in samples from permanent catheter or supraven- 
tricular puncture. Other researchers continue to regard the concentration of 10° CFU/ml in 
urine as a criterion for significant bacteriuria even in samples after catheterization [73]. Waites 
et al. reported that patients with 10 CFU/ml in urine have a 10% risk of a febrile episode, while 
the presence of pyuria is more associated with fever and shivering [73]. In patients receiving 
40% IC, the source of bacteriuria was the upper urinary tract, while in 60%, the source was 
the lower urinary tract [74]. Pyuria was much higher in patients with upper urinary tract 
infection [75]. 


7. Asymptomatic bacteriuria 


Asymptomatic bacteriuria is defined as the presence of a significant number of urine microbes 
(10° CFU/ml) in patients without clinical symptoms or signs of infection. The incidence varies 
depending on the age of the patients, the sex and the presence or absence of functional or 
anatomical urinary tract abnormalities. Bladder catheterization is the most important predis- 
posing factor for asymptomatic microbial growth. In hospitalized catheterized patients with 
an open urine collection system, the incidence of the asymptomatic microbial disease is 100% 
of the patients within 3—4 days. 


Microorganisms most commonly isolated in bladder catheterized patients are Escherichia coli, 
Klebsiella, Proteus, Enterococcus, Enterobacter, Pseudomonas, Serratia, and Candida. Most 
are part of the microbial flora of the bowel colonizing the anterior part of the urethra. In 
patients with a bladder catheter for a short or long period of time, urine specimen collection 
should be taken by catheter puncture after meticulous antisepsis of the puncture site and not 
through the catheter’s mouth. The presence of leucocytes with or without hematuria is taken 
into account but does not necessarily require the diagnosis of active infection. Asymptomatic 
bacteriuria in individuals with SCI requires treatment only in cases where symptomatic uri- 
nary tract infection develops [76, 77]. 


8. Skin colonization 


As mentioned, bacterial colonization of the skin and the urethra is an important source of 
bladder infection using catheters. Differences in microbial species and their presence in 
normal skin flora of SCI patients and other neurogenic urinary disorders in relation to indi- 
viduals without neurogenic disorders may result from the use of antibiotic therapy, use of 
condom catheters, pH and skin temperature in the area, personal hygiene, or fecal contami- 
nation. Pseudomonas colonizes the perineum, in addition to the high pH of the skin of the 
area appears to contribute positively to the high risk of colonization [78, 79]. The meticulous 
soap wash of the perineum area only has temporary effects in reducing its colonization by 
Gram-negative microorganisms, whereas the use of antiseptics, such as chlorhexidine and 
povidone-iodine, has no effect [80, 81]. 
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9. Bladder catheterization 


Efforts to eliminate bacteriuria due to the use of permanent or intermittent catheterization have no 
effect. Intensive or continuous catheterization is a frequent but not documented method of treat- 
ment to prevent sedimentation, bacteriuria, urinary tract infection and/or bacteremia. Intravenous 
administration with neomycin/polymyxin has no effect. Spinal hygiene, perineal wash, and fre- 
quent catheter changes have found ineffective methods in reducing urinary tract infection due 
to catheterization [82]. In addition, it is important for both coating and catheter composition. 
Prevention of P. aeruginosa biofilm formation is observed using silver-coated catheters [83]. 


10. Biofilm management 


As mentioned above, a general feature of the microorganisms that form the bio-membranes is 
their resistance to various antimicrobial substances, as opposed to free-flowing cells. The main 
objective should prevent biofilm formation by the prophylactic administration of antibiotics and 
strict adherence to antisepsis rules when attaching any prosthetic material and in this case a cath- 
eter. It is also proposed to incorporate antimicrobial agents into the material to be implanted and 
to modify the physical or chemical properties of the material so as not to favor biofilm formation. 


To achieve satisfactory penetration of antimicrobial drugs into the bio-membrane, experimen- 
tally liposomal forms of drugs have been tested with encouraging results. Reid et al. claimed 
that the daily use of cranberry helmet juice drastically reduced the formation of biofilm and 
reduced the adhesion of Gram-negative and -positive microorganisms to bladder cells [84]. 
Respectively, in more recent studies and post-analysis, the clinical benefit of using cranberry 
juice to reduce urinary tract infections appears to be limited to recurrent urothelial infections 
in women without neurogenic urinary disorders of young and middle age [85, 86]. 


The use of antimicrobial drugs for the prevention of UTIs in people who have intermittent cath- 
eterization or carry an indwelling bladder catheter has some positive results. In some studies, 
prophylactic antibiotics are reported to be effective. The use of methenamine orally and intake 
of acidic substances contributes to the reduction of urinary tract infection in the case of intermit- 
tent catheterization [87]. A low dose of ciprofloxacin appears to be more effective than placebo 
in preventing urinary tract infection [88]. In a study, administration of the 500 mg twice daily 
dose for 10 days reduced the incidence of Gram-negative organisms in the perineum and ure- 
thra but ciprofloxacin-susceptible microorganisms were replaced by resistant microorganisms 
such as staphylococci, including methicillin-resistant S. aureus, Enterococci and Acinetobacter 
spp. [89]. In contrast to the above, comparative studies of prophylactic administration of ascor- 
bic acid, TMP-SMX, nalidixic acid, methenamine hippurate, or nitrofurantoin microcrystals 
to prevent urinary tract infection in patients with SCI did not provide statistically significant 
results. In a daily use of TMP-SMX study compared to placebo as a prophylaxis for urinary tract 
infections in SCI patients, the use of TMP-SMX did not reduce the incidence of symptomatic 
bacteremia while there was an increase in TMP-SMX resistance in asymptomatic patients [90]. 
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11. External sphincterotomy 


The efficacy of the sphincterotomy has been well documented since Emmett JL and Dunn JH 
described the trans-urethral resection of the bladder neck and prostate in SCI patients with 
outlet obstruction. Ross JC introduced the resection of the external urinary sphincter. Large 
series have shown that sphincterotomy is successful in the treatment of vesical outlet obstruc- 
tion in certain male patients with quadriplegia, in order to reduce detrusor leak point pres- 
sure, followed by condom catheter drainage. Patients who develop UTIs after sphincterotomy 
are should undergo assessment of PVR to ensure adequate bladder emptying. Urodynamic 
testing should also be considered to assess the efficacy of the sphincterotomy. If there is 
evidence of urethral obstruction, repeat sphincterotomy may be indicated. Sphincterotomy 
can also be indicated when patients use Credé or Valsalva to empty their bladder, but first, 
surgeons must have assessed that the lower urinary tract is urodynamically safe and that the 
upper urinary tract is not damaged [91]. 


12. Bladder augmentation 


The aim of bladder augmentation is to reduce detrusor overactivity (DO), improve bladder 
compliance and reduce the pressure effect of DO [92, 93]. Complications associated with 
these procedures are recurrent infection, stone formation, perforation or diverticula, pos- 
sible malignant changes, metabolic abnormality, mucus production and impaired bowel 
function [94-96]. Special attention should be paid to patients with preoperative renal scars 
since metabolic acidosis can develop [97]. Several different techniques have been published 
[98-106]. Bladder substitution, even by performing a supratrigonal cystectomy [93], is also 
indicated in patients with a severely fibrotic bladder wall. IC may become necessary after 
this procedure. 


13. Urinary diversion 


Following supravesical urinary diversion, pyelonephritis may occur, usually accompanied by 
fever, chills, leukocytosis, nausea and vomiting. Upper tract imaging should be performed, 
due to possible urinary obstruction. If there is an obstruction, the system should be drained 
via percutaneous nephrostomy. In this case, urine culture should be obtained from the neph- 
rostomy tube. 


13.1. Continent diversion 


It is the first choice for urinary diversion. The continent urinary reservoir is indicated when 
the native bladder and urethra are severely devastated functionally or anatomically, as well 
as bladder neck closure and ureteral re-implantation are not avoidable. All of the different 
techniques have complications such as leakage or stenosis. The short-term continence rates 
are >80% and good protection of the UUT is achieved [107-119]. 
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13.2. Incontinent diversion 


If catheterization is impossible, incontinent diversion is indicated. The ileal conduit is the most 
common form of incontinent urinary diversion used. It could be considered in patients who 
show intractable and untreatable incontinence, in patients with LUT dysfunction, when the 
upper urinary tract is severely compromised and in patients who refuse other therapy [119]. An 
ileal segment is used for the deviation in most cases [120-124] and patients gain better functional 
status and quality of life [125]. Incontinent diversion has also an acceptable rate of complications. 
Especially in children, there are concerns about long-term effects on renal function, and while 
conduit diversion may be considered in this population, alternative methods may be preferable. 


13.3. Undiversion 


Long-standing diversions may be successfully undiverted or an incontinent diversion changed 
to a continent one with the cause of better techniques for control of detrusor pressure and 
incontinence [120]. The patient must be carefully counseled and must comply with the instruc- 
tions [120]. Only then successful undiversion can be performed [126]. 


14. Continent catheterizable channel 


Some patients with spinal cord injury have difficulty or are unable to perform IC through a 
native urethra. In such cases, the creation of an abdominal stoma using a continent catheteriz- 
able channel (CCC) should be considered. A CCC is particularly helpful in women because 
their ability to access their urethra is more difficult than in men [127-129]. A concomitant 
bladder neck closure with a CCC becomes an option when urethral dysfunction or destruc- 
tion does not result in acceptable continence over anti-incontinence surgeries. 


The majority of patients with bladder augmentation or continent urinary diversion will have 
mucus production that can act as an incubation material for infection. Irrigation of the blad- 
der or pouch at regular intervals with normal saline decrease the incidence of symptomatic 
urinary tract infection. 


15. Treatment 


Generally, asymptomatic bacteriuria does not require treatment because the microorganism 
cannot be eliminated or will recur after the treatment is complete. In addition, antimicro- 
bial therapy will lead to resistant strains of microorganisms [130, 131]. Therefore, there is no 
indication that treatment reduces virulence or mortality. Systemic antimicrobial therapy for 
asymptomatic bacteriuria is recommended only in special cases such as: 


e patients who undergo urological surgery or prosthetic graft 


e treatment may be a part of the control of a hospital infection due to a particular prevalent 
virulent microorganism 
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e patients belonging to high-risk groups (immunosuppressed) 


e strains of microorganisms suspected of bacteremia such as Serratia marcescens [132-135]. 


Symptomatic UTI in the neurogenic patient is defined as a urinary culture with 210? CFU 
bacteria/mL and symptoms including, but not limited, to LUTS, urinary incontinence, 
increased spasticity, autonomic dysreflexia, pelvic discomfort, fever, and decreased energy 
level. Moreover, it has not been shown that the type of microbe isolated in urine culture of 
an asymptomatic patient is the cause of infection when a symptomatic episode occurs. In 
30-50% of cases, urinary catheter removal is accompanied by urinary tract purification by the 
microorganism [40, 134]. People with symptomatic bacteriuria— UTI should be treated with 
the most specific antibiotic treatment for the shortest but sufficient period. Since the urinary 
catheter surface, due to biofilm formation becomes a source of bacterial growth, it is justified 
and important to remove it and replace it with a new one before treatment of symptomatic 
infection [40, 136-139]. The guidelines for choosing the right antimicrobial treatment are the 
same as those of the general population. They include the identification of the microorganism, 
antimicrobial susceptibility, the location of the infection, its complexity, and the risk factors. 


Although there are insufficient clinical studies on the duration of treatment for urinary tract 
infections in neurogenic patients, the duration of treatment varies from 3 to 21 days depend- 
ing on the microorganism, the accompanying factors of infection and the condition of the 
patient [138, 140, 141]. When oral treatment is sufficient, it is usually given for a period of 
5-7 days, and when intravenous treatment is required, it remains from 7 to 14 days depending 
on the clinical and laboratory findings [142]. In the appearance of fungi in urethral cultures, 
treatment is unnecessary. In this case, either local (intravesical) or systemic antifungal treat- 
ment [143, 144] is not recommended, and it is recommended to replace the catheter with a 
new one. If the infection is accompanied by symptoms of the urinary tract or the presence of 
fungus is a symptom of systemic infection, then antifungal treatment is necessary [145]. 


16. Conclusion 


Urinary tract infections are a grade issue for medical doctors and patients. It is even more dif- 
ficult to diagnose and treat neurogenic patients rather than general population. The higher 
frequency of recurrent infections in these patients and resistant microorganisms remain the 
main problems as for this specific population. In summary, based on the criteria of evidence- 
based medicine, there is currently no preventive measure for recurrent urinary tract infections 
in neurogenic patients that can be recommended without limitations. Individualized concepts, 
including immunostimulation, phytotherapy, and complementary medicine, should be taken 
into consideration [146]. Prophylaxis is important to pursue, but there are no data favoring 
one approach over another. In this case, prophylaxis is essentially a trial and error approach. 
Nowadays, the quality of life of the neurogenic patients is the primary concern. Antibiotics, 
catheterization techniques and urinary diversions are the main features of treatment applied. 
The medical community contributes in this direction with the proper diagnosis of the diseases 
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in this group of patients. Personalized physician and patient collaboration and the timely recog- 
nition of symptoms by the patient remain the cutting edge of early symptoms relief. The proper 
and efficient control of the “neurogenic bladder” is essential for the prevention and the manage- 
ment of the UTIs. The controlled bladder pressure and its complete periodical evacuation under 
a low-pressure environment can ensure that the UTIs will be less frequent and less severe. 
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Abstract 


Urinary tract infection (UTI) is a topical problem of the contemporary pediatrics, pediatric 
nephrology, and urology. E. faecalis isolated from urine of children was the most important 
factor in development of UTIs at departments for newborns in Primorsky region. The 
variability of biochemical and fermentation activities of pathogenicity factors and resis- 
tance to antibiotics suggested a phenotypic heterogeneity of E. faecalis. It was found that 
uropathogenic enterococci characterized with proteolytic activity are resistant to anti- 
bacterial agents with different action mechanisms. Clinical isolates of E. faecalis contained 
two and more studied pathogenicity genes. Eleven variants of genes combinations, which 
code pathogenicity factors of E. faecalis, were identified. Uropathogenic E. faecalis strains 
attributed to ST6, ST40, ST179, ST774, and ST116 are resistant to four and more groups of 
antimicrobial agents. Our research confirmed high virulence properties of E. faecalis iso- 
lated from urine of patients with and their manifestations depending on the patient’s age. 
Clinically significant E. faecalis strains have a complex of virulent properties, which allow 
the bacteria to materialize their pathogenic potential on all stages of the inflammation 
process in urinary system. 


Keywords: urinary tract infections, Enterococcus faecalis, virulent properties, phenotypes, 
genotypes, newborns 


86 Microbiology of Urinary Tract Infections - Microbial Agents and Predisposing Factors 


1. Introduction 


Urinary tract infection (UTI) is a topical problem of the contemporary pediatrics, pediatric 
nephrology, and urology, which takes the second or third place in the structure of children’s 
morbidity [1, 6, 9, 12]. Risk factors of UTI in children include neonatal period, in particular 
premature birth, family medical history, abnormalities of urinary tract development, disruptions 
of urodynamics, including vesicoureteric reflux, obstructive uropathy, neurogenic bladder mal- 
function, urolithiasis, constipation, fecal and perianal colonization, immunocompromising con- 
ditions, including AIDS, immunosuppression therapy, frequent bladder catheterization, diabetes, 
sexual activity in teenagers [1, 14, 15, 18]. Newborns and infants are under high risk of UTI 
development, among other factors, since their immune system is not yet sufficiently developed 
[7]. Among the many factors, which affect development and forecast of UTI, biological properties 
of microorganisms, which inhabit kidney tissue, are of no small importance [10, 22, 35, 43]. 


Etiological structure of UTI in children has changed recently. Many studies show the growing 
etiological significance of Enterococcus faecalis [1, 6, 8, 20, 37]. Clinical significance of enterococci, 
which were earlier considered in different saprophytes, is being reassessed currently [4, 10]. 


Increase in etiological significance of enterococci is caused by many reasons, including devel- 
opment of antibiotic resistance, in particular, resistance to cephalosporin, widely used for 
treating UTIs in children [8]. Enterococci can initiate the infectious process due to their genes 
coding many pathogenicity factors involved in adhesion and invasion processes, development 
of biofilms, and hystodamaging effect (Esp, Asal, EfaA, CylA, CyIM, GelE, FsrB, etc.) [6, 13, 
16, 30, 35, 42]. It is known that virulence of microorganisms depends upon the quantity of 
these genes [17]. Scientists from Europe, England, America, India, and Japan are doing 
research in this area [21, 33, 38, 39, 41]. No research related to characteristics of intraspecific 
genetic variability, including pathogenicity factors, in uropathogenic E. faecalis isolates from 
children having UTI, has been done in Russia until now. All the above has been determined in 
the topic of the research, which was undertaken in the present paper. 


The aim of this research was to identify genetic variability and phenotypic features of biologic 
properties in uropathogenic E. faecalis isolates from children having urinary tract infections to 
assess its virulent potential and clinical significance. 


2. Materials and methods 


At the first stage, bacterial tests of urine samples (n = 6438) isolated from patients in cases of 
UTI at the multispecialty regional children’s hospital from 2008 to 2016 were analyzed. Patients 
were aged from 3 days to 17 years. 


At the second stage, biological properties and genetic variability of enterococci were studied. 
E. faecalis (n = 71) were isolated from urine of children with urinary tract infections and age 
from 3 days to 17 years in the diagnostic titer from 10* CFU/ml and higher during from 2013 to 
2016. E. faecalis NCTC 12697 was used as the typical culture. All strains of uropathogenic 
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Gene Primer sequence Product size (bp) Reference 

cylA TGGATGATAGTGATAGGAAGT 517 [11] 
TCTACAGTAAATCTTTCGTCA 

aggA AAGAAAAAGTAGACCAAC 1553 [11] 
AACGGCAAGACAAGTAAATA 

efaA GACAGACCCTCACGAATA 705 11] 
AGTTCATCATGCTGCTGTAGTA 

eep GAGCGGGTATTTTAGTTCGT 937 5] 
TACTCCAGCATTGGATGCT 

esp TTGCTAATGCTAGTCCACGACC 933 32] 
GCGTCAACACTTGCATTGCCGAA 

gelE ACCCCGTATCATTGGTTT 419 34] 


ACGCATTGCTTTTCCATC 


Table 1. Oligonucleotide primers used in the study. 


E. faecalis were previously investigated using classical microbiological methods [22, 43]. Anti- 
microbial susceptibility was performed using disk diffusion method on the Muller-Hinton 
agar according to EUCAST. 


Bacterial DNA of E. faecalis was isolated using DNA-express kit (Lytech, Russia). The testing of 
enterococci (n = 31) pathogenicity genes was made by polymerase chain reaction (PCR), using 
previously developed primer sets (Table 1) [5, 11, 32, 34], synthesized by Eurogen (Russia), on 
TProfessional 96 (Biometra, Germany). The amplification products were analyzed in a 1% aga- 
rose gel containing 1 ug/ml ethidium bromide in ultraviolet light using BioDocAnalyze 
(Biometra, Germany). 


The obtained data were processed using the parametric analysis method. From the indicators 
of descriptive statistics, the relative values (P, %), their errors (mp, %) were calculated. To 
evaluate the degree of interrelation, the Pearson correlation analysis (R) was performed with 
calculation of correlation coefficient (r) and reliability of correlation (p). At statistical process- 
ing of the received materials, the software package Statistica 10.0 is used in the operating 
environment Windows 2010. 


The research was approved by Interdisciplinary Committee for Ethics of the Federal State 
Budgetary Educational Institution of Higher Education “Pacific State Medical University” of 
the Ministry of Healthcare of the Russian Federation (protocol no. 4, 26.12.2016). 


3. Results 


The most common uropathogen in children with UTI, who were treated at the multispecialty 
regional children’s hospital, is Escherichia coli, for which specific gravity equals from 33.92 + 1.7 
to 62.96 + 1.2%. Most frequently, it was pointed out in outpatients (in 62.96 + 1.2% cases); less 
frequently, it was found at departments for newborns (33.92 + 1.7%). The second significant 
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etiological factor of UTI in children was E. faecalis, for which specific gravity ranged from 16.14 to 
32.5% [22]. At the same time, E. faecalis was the most important factor in development of UTIs at 
departments for newborns: it was found in 57.2% of cases (Figure 1). Frequency of identifying E. 
faecalis in newborns diagnosed with UTI ranged from 30.8 to 74.5% of cases over 9 years. 


The present study analyzed the features of phenotypic manifestations of biological properties, 
including antibiotic resistance of E. faecalis (n = 71) isolated from urine of children with UTI. All 
analyzed uropathogenic E. faecalis had typical properties—morphology (cocci or oval Gram- 
positive bacteria), biochemical activity against mannitol, methylene blue, its absence in rham- 
nose fermentation, variability in glucose, lactose, sucrose and 2,3,5-triphenyltetrazolium chloride 
(TTC), and lack of mobility and catalase (Table 2). 


Most E. faecalis isolated from the urine of children with UTI had in vitro enzymatic activity 
associated with pathogenicity: hemolytic, proteolytic, lipolytic, and lecithinase. A capsule was 
found in 45.6 + 6.6% of uropathogenic enterococci. An inverse relationship was established 
between the presence of a capsule in E. faecalis with a-type hemolysis (r = 0.3, p = 0.0001), 
fermentation of milk (r = 0.31, p = 0.00), and a positive correlation with the microorganism titer 
in the urine (r = 0.33, p = 0.0332). 


A direct correlation was established among the lecithinase and DNAase activity of E. faecalis 
(r = 0.31, p = 0.0438), the manifestation of hemolytic activity (a- or B-type) in uropathogenic 
enterococci, and the presence of the gene gelE (r = 0.49; p<0.05). 


The capsule (pı-2<0.001; pi_3<0.01), milk fermentation (p;_2<0.001; p;_3<0.01), gelatinous (p_ 
2<0.001, pı-3<0.05), and lipolytic activity with respect to the tween 60 (p;_2<0.01, pi_3<0.01) was 
determined more often in E. faecalis, isolated from the urine of newborn children (group 1) 
with UTI, than in other age groups. 


E. faecalis, isolated from children under 1 year (group 2), have hemolytic activity more often 
than other age groups (p2_;<0.05, p2_;<0.05), but expressed less gelatinous activity (p1_2<0.001; 
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Figure 1. The etiological structure of UTI in newborn. 
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P2-3<0.001). In this group, lipolytic activity against Tween 60 was less pronounced, but the 
differences were significant only between groups 1 and 2 (p<0.01). 


E. faecalis isolated from patients older than 1 year (group 3) showed more lipolytic activity 
against Tween 80, compared to other age groups (p;_3<0.001; p2_3<0.01), gelatin’s fermentation 
was determined more often than in enterococci of the group 2 (p<0.001). The hemolytic activity 
of enterococci in the group 3 differed little compared to the group of newborn children. The 
other biochemical properties associated with pathogenicity factors of E. faecalis strains of this 
age group were similar to enterococci isolated from children under 1 year of age (Table 2). 


Assessment of antibiotics resistance revealed that all studied cultures of uropathogenic entero- 
cocci (n = 71) are sensitive to vancomycin and nitrofurantoin. We found that enterococci are 


Biological properties Enzymatic activity of E. faecalis 


Newborns (n = 21) Children from 29 days to Children over 1 year old 
1 year (n = 18) (n = 21) 
Number of Abs. (P +m, %) Numberof Abs.(P+m,,%) Numberof Abs. (P + m,, %) 
examined examined examined 
cultures, n cultures, n cultures, n 
Reduction of TTC *m 19 18 (94.7 + 5.1) 14 11(78.6+411.0) 21 20 (95.2 + 4.7) 
Reduction of 19 19 (100) 14 14 (100) 21 21 (100) 


methylene blue 


Biochemical activity in relation to: 


Mannitol 20 20 (100) 13 13 (100) 19 19 (100) 
Glucose A 20 19 (95.0 + 4.9) 13 12 (92.3 + 7.4) 19 19 (100) 
Lactose A 20 19 (95.0 + 4.9) 13 12 (92.3 + 7.4) 19 16 (84.2 + 8.4) 
Rhamnose 21 0 13 0 19 0 

Sucrose 20 17 (85.0 + 8.0) 13 11 (84.6 + 10.0) 19 16 (84.2 + 8.4) 
Presence of a capsule 21 12 (57.1 + 10.8) 17 6 (35.3 + 11.6) 19 8 (42.1 + 11.3) 
“A 

Proteolytic activity in relation to: 

Milk *Å 21 18 (85.7 + 7.6) 18 9 (50.0 + 11.8) 21 10 (47.6 + 10.9) 
Gelatin *Å m 20 9 (45.0 + 11.1) 17 2 (11.8 7.8) 21 7 (33.3 + 10.3) 
Lecithinase activity 19 5 (26.3 + 10.1) 15 4 (26.7 + 11.4) 21 6 (28.6 + 9.9) 


Lipolytic activity in relation to: 


Tween 20 17 14 (82.4 + 9.2) 12 11 (91.7 + 7.9) 18 17 (94.4 + 5.4) 
Tween 60 *A 8 4 (50.0 + 17.2) 6 1 (16.7 + 15.2) 11 3 (27.3 + 13.4) 
Tween 80 Am 21 14 (66.7 + 10.3) 17 12(70.6+11.0) 19 16 (84.2 + 8.4) 


Note: *, p < 0.05 between 1 and 2 groups; A, p < 0.05 between 1 and 3 groups; m, p < 0.05 between groups 2 and 3; Abs., 
absolute. 


Table 2. Peculiarities of phenotypic manifestations biological properties of E. faecalis depending on the patient's age. 
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Id ST Isolate Genotype Total number of genes 


aggA esp cylA efaA eep gelE 


1787 ST116 PRO42 + + + + + $ 6 
1789 ST179 PRV 052 + + + + + + 6 
1791 ST179 PRV100 + + + + + + 6 
1790 STI79 PRV105 + + + + + + 6 
nd PRV086 + + + + + + 6 
nd PR 230 + + + + + $ 6 
1788 ST179 PRU047 + — + + + + 5 
nd PR 181 + + + + + — 5 
1781 ST16 PR050 + + + + + = 5 
1786 ST41 PRV049 + + — + + + 5 
nd PRL079 + + = + i + 5 
nd PRV080 + + — + + + 5 
1793 ST774 PRAs81 + + — + + + 5 
nd PR 198 + = = + + + 4 
nd PR 158 + = = + + + 4 
1780 ST6 PRV054 + — — + + + 4 
1779 ST6 PRN030 + — — + + + 4 
1795 ST774 PRA029 + — — + + + 4 
1792 ST774 PR51 + — — + + + 4 
1784 ST40 PR055 — + — + + + 4 
1785 ST40 PRAO038 — + — + + + 4 
nd PR 228 + z + + + = 4 
1782 ST16 PRV092 + — + + + = 4 
nd PR 215 + + — + + = 4 
nd PR 223 + + — + + = 4 
1794 ST774 PRO40 + + = + + s= 4 
nd NCTC 12697 — — + + + BS 4 
nd PR 97 = = + + $ + 4 
nd PR 161 — = = + + $ 3 
nd PR 206 — = = + p + 3 
1783 ST21 PRV082 — — — + + = 2 


Note: nd, not determined. 


Table 3. Genotypes of uropathogenic E. faecalis in Primorsky region. 
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highly resistant to erythromycin (77.1 + 5.02%), tetracycline (73.2 + 5.3%), fluoroquinolones of 
the II and the III generations (ciprofloxacin (55.1 + 5.9%), norfloxacin (48.6 + 9.9%), and 
levofloxacin (46.5 + 5.9%)). Were identified E. faecalis cultures, which are resistant (20.1 + 
4.9%) and mid-resistant (8.9 + 3.5%) to the reserve drug linezolid. More than half 
(59.2 + 5.8%) of the studied cultures of uropathogenic enterococci were resistant to several 
antibiotics (four or more antimicrobial agents). 


It was found that enterococci, which are sensitive to penicillins, were characterized with lipolytic, 
lecithinase, and hemolytic (B-type) activity in vitro. Enterococci cultures which are resistant to 
fluoroquinolones, fermented sucrose, had proteolytic activity, and did not break down lactose. 
E. faecalis, which are resistant to gentamicin and erythromycin, had a capsule. Furthermore, 
E. faecalis, which are resistant to linezolid and chloramphenicol, had gelatinase, lecithinase, and 
lipolytic activities, as compared to other cultures (these data were not published). 


In that way, analysis of biological properties of E. faecalis, isolated from urine of children with 
UTI in Primorsky region, showed that overwhelming majority of cultures had typical properties. 


Id Isolate ST Phenotype of antibiotic resistance Genotype 

1785 PRA038 40 TET-ERT-AmG-CHL-LZD esp-efaA-eep-gelE 

1784 PR055 TET-ERT-AmG-CHL 

1780 PRV054 6 TET-ERT-AmG-CHL-FLQ aggA-efaA-eep-gelE 
1779 PRNO30 TET-ERT-AmG-CHL-FLQ 

1788 PRU047 179 TET-ERT-AmG-LZD aggA-cylA-efaA-eep-gelE 
1789 PRV052 TET-ERT-AmG aggA-esp-cylA-efaA-eep-gelE 
1791 PRV100 TET-ERT-AmG-CHL 

1790 PRV105 ERT-AmG-CHL-FLQ 

1787 PRO42 116 TET-ERT-AmG-CHL-LZD 

1781 PRO50 16 TET-ERT aggA-esp-cylA-efaA-eep 
1782 PRV092 TET-ERT-AmG aggA-cylA-efaA-eep 
1794 PRO40 774 AmG-FX aggA-esp-efaA-eep 

1793 PRAsO081 TET-ERT-PEN-AmG-FLQ aggA-esp-efaA-eep-gelE 
1795 PRA029 TET-ERT-PEN-FLQ aggA-efaA-eep-gelE 
1792 PR051 TET-ERT-AmG-FLQ 

1786 PRV049 41 TET aggA-esp-efaA-eep-gelE 
1783 PRV082 21 FLQ efaA-eep 


Note: TET, tetracycline; ERT, erythromycin; AmG, aminoglycosides; FLQ, fluoroquinolones; CHL, chloramphenicol; LZD, 
linezolid; PEN, penicillins. 


Table 4. Antibiotic resistance of uropathogenic E. faecalis depending on the sequence type. 
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The mentioned variability of biochemical and fermentation activities of pathogenicity factors 
and resistance to antibiotics suggested a certain phenotypic heterogeneity of E. faecalis. 


3.1. Molecular genetics typing of E. faecalis 


E. faecalis was tested for genes, coding various pathogenicity factors, using PCR method. It was 
found that clinical strains (n = 30) of enterococci isolated from urine of children with UTI 
contained two and more studied pathogenicity genes. In this context, 27 out of 30 uropa- 
thogenic E. faecalis had four and more of the studied genes (Table 3). 


Eleven variants of genes combinations, which code pathogenicity factors of E. faecalis, were 
identified. The most common variants are (aggA-esp-cylA-efaA-eep-gelE) and (aggA, efaA, eep, gelE). 


Multilocus sequence typing (MLST) divided 17 E. faecalis strains into eight (ST6, ST16, ST21, 
ST40, ST41, ST116, ST179, and ST774) sequence types (The results have not been published.) It 
was noticed that uropathogenic E. faecalis strains attributed to ST6, ST40, ST179, ST774, and 
ST116 are resistant to four and more groups of antimicrobial agents (Table 4). 


The results demonstrate broad variability of the range of genes, which code pathogenicity 
factors and reveal sequence types with multiple resistances to antimicrobial agents among 
uropathogenic E. faecalis isolated from children with UTI in Primorsky region. 


4. Discussion 


Urinary tract infection is an inflammatory process in the organs of the urinary system without 
specifying the level of damage or growth of microorganisms in the urinary tract with possible 
development of local inflammatory changes. UTI refers to the factors that initiate the development 
of chronic kidney disease and depends on the age of the children [27]. Etiological multifactority is 
peculiarity of these infections. For a long time, commonly recognized pathogens of uroinfections 
are Gram-negative enterobacteria, among which Escherichia coli is prevalent [25, 26, 29, 31, 40, 44]. 


Interest to studying enterococci as participants of infectious diseases has increased in recent years. 
Our research has shown that E. faecalis are a common pathogen, which causes UTI in children, 
most often in newborns (from 30.8 up to 75% of cases). Perhaps this is not accidental, as according 
to some authors, this microorganism is detected in children from the first days of life and its 
amount exceeds the content of E. coli in the newborn period [19]. The reason for this microbial 
composition of urine appears to be functional immunodeficiency in this category of patients. 


However, until now, the true etiological significance of these microorganisms in the develop- 
ment of the infectious process and unfavorable outcomes remains uncertain due to the ever- 
changing properties of E. faecalis. It is known that the ability of bacteria to affect the kidneys 
and urinary tract is determined not by one but by a complex of properties necessary for this 
process, that at the different stages of the infectious process in the urinary system organs from 
the microorganism, priority expression of certain pathogenetically significant traits and/or 
their combinations is required [6]. 
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All analyzed uropathogenic E. faecalis had typical properties— morphology, biochemical activity 
against mannitol, methylene blue, its absence in rhamnose fermentation, variability in glucose, 
lactose, sucrose and 2,3,5-TTC, and lack of mobility and catalase. 


At the same time, weak and delayed acid formation from lactose was in three cultures (only 
on the third day), and in 12 isolates during fermentation of sucrose (by day 10). The results 
obtained with respect to a number of carbohydrates differ from the literature data, as it is 
known that E. faecalis ferment lactose and sucrose, and in relation to other sugars can be 
variable (Berdzhi). Possibly, this is associated with the spread of certain E. faecalis biovars in 
the territory of Primorsky Krai or within a single multispecialty hospital. 


According to results of research conducted in recent years, it was determined that enterococci 
produce many virulence factors, which conduce to development of the infectious process 
(hemolysin, gelatinase, enterococcal surface protein, aggregation substance, serine protease, 
capsule, etc.). The greatest number of virulence factors was found in E. faecalis isolated from 
urine. High proteolytic activity of E. faecalis (hydrolysis of gelatinase, casein, and collagen) 
causes toxic damage to tissues and conduce to cicatricial changes in kidney [6, 19, 43]. 


Moreover, the change in the properties of the microorganisms, causing the urinary tract 
infection, such as the development of resistance factors to antimicrobial drugs and the biofilm 
formation, makes it difficult to manage patients, especially with chronic persistent and often 
recurrent infection. 


Our research confirmed high virulence properties of E. faecalis isolated from urine of patients 
with and their manifestations depending on the patient’s age. For example, there is a negative 
correlation between the proteolytic activity of E. faecalis and the age of the children (r = 0.28, 
p = 0.002). Most E. faecalis isolated from the urine of children with UTI had in vitro enzymatic 
activity associated with pathogenicity: hemolytic, proteolytic, lipolytic, and lecithinase. 


Currently, lipase is referred to understudied factors of enterococcal persistence, although it is 
known that lipase may be a potential virulence factor of E. faecalis [12]. Among the studied 
enterococci isolated from children with UTI, lipolytic activity was determined in 85.0 + 8.2% of 
the cultures (more often with respect to Tween 20 and Tween 80). Enterococcus cultures 


showed heterogeneity in proteolytic and hemolytic activity. A reliable direct correlation 
between the phenotypic manifestation of B-type hemolytic activity with hydrolysis of gelatin 
(r = 0.58, p = 0.0001) and lecithinase activity (r = 0.52, p = 0.0004) of this uropathogen has been 
established. This confirms the combined effect of these pathogenic factors at a certain stage of 
the inflammatory process. A relationship was established between the phenotypic manifesta- 
tion of pathogenicity factors and the age of patients. 


The most common properties of E. faecalis isolated from urine of newborn children were a capsule, 
proteolytic, and lipolytic (in relation to Tween 60) activity. Enterococci isolated from 1-year-old 
children with UTI most frequently were characterized with hemolytic activity. Lipolytic (in rela- 
tion to Tween 80) activity was most frequently found in cultures isolated from patients older than 
1 year. The prevalence of these virulence factors suggests that they are associated with virulence of 
this species in UTI. Such features of the manifestation of biological properties in vitro indicate the 
selection of etiologically significant E. faecalis at the level of the macroorganism. 
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Furthermore, connection between sensitivity to antimicrobial drugs of E. faecalis and its bio- 
logical properties was identified. It was found that uropathogenic enterococci characterized 
with proteolytic activity are resistant to antibacterial agents with different action mechanisms. 
In the work, it was found that E. faecalis, resistant to linezolid and chloramphenicol drugs that 
suppress protein synthesis at the level of the 50S subunit of the bacterial ribosome, possess a 
high pathogenic potential. These results require further research in this direction. 


Interesting data were obtained with regard to the sensitivity of uropathogenic E. faecalis to the 
reserve drug linezolid, recommended for treatment of infections caused by strains, which are 
resistant to vancomycin, aminoglycosides, and betalactams. In Primorsky Krai, E. faecalis cul- 
tures were found resistant and intermediate sensitivity to linezolid. However, in Russia in the 
period from 2005 to 2013, there were isolated single enterococcal strains with reduced sensi- 
tivity to linezolid. 


This way, the mentioned variability of biochemical and fermentation activity of factors related 
to pathogenicity demonstrated phenotypic heterogeneity of enterococci and might have a 
certain diagnostic significance. 


Pathogenicity factors of bacteria are genetically determined by properties which are localized in 
genome of microorganisms in the form of “pathogenicity islands” [17]. These genetic elements 
can contain various sets of virulence genes, which are important for the development of the 
enterococcal infectious process, including genes of antibiotics resistance [17, 24]. At the present 
stage, the association of antibiotic resistance of E. faecalis with pathogenic factors is actively 
studied. It is known that strains of enterococci resistant to ampicillin, ciprofloxacin, and genta- 
micin, but sensitive to vancomycin and nitrofurantoin have more pathogenicity factors (hemoly- 
sin, gelatinase, hyaluronidase, form biofilms) than vancomycin resistant [2, 28]. E. faecalis having 
the asa1 gene are more resistant to fluoroquinolones (norfloxacin, ciprofloxacin, and levofloxacin) 
than isolates lacking this gene. Resistance to ciprofloxacin is significantly higher in E. faecalis 
having the genes cylL and cylS than in strains with their absence [23, 28]. esp gene-positive 
E. faecalis are more resistant to doxycycline than esp gene-negative cultures [3]. Among the strains 
with multidrug resistance, a high prevalence of genes asa1 and esp was observed [23, 36]. 


The research implemented using PCR method enabled to characterize in greater detail the 
structure of E. faecalis population isolated from children with UTI from Primorsky region. In 
our research, significant variability in occurrence frequency of the studied genes was found. 
Two of them—efaA (coding the surface antigen A (EfaA), which initiates the infectious process) 
and eep (coding Eep protein, which conduces to formation of a biofilm, making it resistant to 
various biological stress factors) were found in all studied uropathogenic E. faecalis, which 
proves their involvement in certain stages of the infectious process. 


MLST analysis conducted earlier revealed eight sequence types, five of which were character- 
ized by multidrug resistant. 


This way, clinically significant E. faecalis strains have a complex of virulent properties, which 
allow the bacteria to materialize their pathogenic potential on all stages of the inflammation 
process in urinary system. This makes further research of the listed factors in clinical E. faecalis 
necessary to estimate objectively the contribution of these properties of the agent into patho- 
physiologic mechanism of infectious and inflammatory diseases. 
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5. Conclusions 


1. Important role in the etiology of UTI is played not only by Gram-negative bacteria of the 
Enterobacteriaceae family, but also by gram-positive E. faecalis, which are of paramount 
importance in the development of UTI in newborns. 


2. E. faecalis, isolated from the urine of children with UTI, have a complex of pathogenicity 
factors necessary for the development of the inflammatory process and their prolonged 
persistence in the urinary tract. The relationship between E. faecalis pathogenicity factors 
and the age of patients was determined. 


3. Uropathogenic E. faecalis possess a polyantibiotic resistance, which is associated with its 
biological properties and belonging to a particular sequence type. 


4. A set of phenotypic manifestations of the biological properties of E. faecalis (the presence/ 
absence of hemolytic, gelatinase, lecithinase, lipolytic activities) established in the study 
may determine its clinical significance and serve as an in vitro diagnostic marker of 
resistance of the studied uropathogen to certain groups of antibacterial drugs. 
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